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BACK  TO  A  GOOD  OLD  PRINCIPLE 
FOR  A  GOOD  NEW  TEAR 

A  Frfink  Talk  To  Those  in  Radio  Who  Value 
Their  Good  Names  as  Much  as  fVe  Value  Ours 


w  E  BELIEVE  there  has  heen  enough  turning  of  wheels 
for  the  mere  sake  of  turning  them. 

We  helieve  that  wear  and  tear  on  men.  maehinery 
and  hank  aeeounts  is  no  substitute  for  profits. 

.  .  .  And  we  helieve  the  time  has  now  come  for 
someone  to  speak  out  in  a  sincere  effort  to  rail  a 
halt  to  a  rare  whieh  ran  end  in  nothing  short  of 
demoralisation. 

Certainly  the  price  situation  has  reaehed  serious 
proportions  in  radio  within  recent  years.  .\nd  it 
has  hurt. 

Manufacturers  have  heen  hurt  as  production  and 
service  problems  have  increased  with  the  use  of 
cheaper  and  still  cheaper  materials.  Their  parts  su|>- 
pliers  have  been  hurt,  for,  when  price  wars  start, 
even  winners  are  apt  to  gain  more  damage  than  glory. 

Distributors  and  dealers  have  suffered. 

The  consumer  has  heen  hurt,  for  he  too  has  often 
received  less  in  quality  and  trouble-free  performance 
than  he  has  a  right  to  expert,  considering  the  good 
names  of  the  manufacturers  involved. 

The  time  has  now  come  to  face  the  facts. 

The  depression  is  over. 

From  a  volume  standpoint  the  radio  business  was 
good  last  year.  It  should  be  even  better  in  1936  and 
should  be  more  profitable  for  the  trade  at  large. 

A  real  remedy  calls  for  trade-wide  cooperation  in 
protecting  a  thing  bigger  than  even  the  biggest  of  us, 
the  integrity  of  the  Radio  Industry. 

Naturally,  we  do  not  expect  to  remedy  the  price 
situation  single-handed.  But  we  C.4N  make  a  start — 
and  that  is  what  we  propose  to  do. 

Thus,  our  Policy  now  reverts  hack  to  its  good 
old  form: 

At  all  times  will  Hugh  H.  Ehy,  Inc.,  consider  quality 
and  dependable  service  above  price. 

We  will  give  our  customers  what  they  have  every 
right  to  expect. 


^e  will  maintain  a  skilled  engineering  staff. 

We  will  have  a  prodnetion  organi/ation  geared  for 
high  (|uality  even  under  the  forced  draft  of  sudden 
seasonal  demamls. 

Vie  will  provide  an  engineering-sales-service  to 
meet  every  need. 

^e  will  give  every  reasonable  priee  ad%untage  made 
possible  by  a  v«ell-e(|uipp<‘d,  modern  plant. 

In  return,  we  shall  ask  for  recognition  of  our  heavy 
imestment  in  plant  and  e'<|iiipnient  and  in  Ci;ir>ing 
on  worthwhile  development  work. 

We  shall  expect  the  safeguarding  of  onr  designs, 
blueprints  and  samples. 

We  shall  feel  entitled  to  discuss  frankly  with  the 
set  manufacturer  the  limits  of  the  allott«‘d  cost  he  can 
consider  in  the  set  or  sets  being  planned. 

We  shall  look  for  reasimable  cooperation  in  antici¬ 
pating  and  planning  production  schedules. 

And.  above  all,  we  shall  expect  and  insist  on  what¬ 
ever  priee  may  be  necessar>  to  insure  true  F.by  quality 
plus  a  fair  profit  to  ourselves. 

We  helieve  there  are  many  who  will  welcome  such 
a  policy,  honestiv  presented  and  honestly  f<dlow«-fl 
through. 

By  April  1st  a  complete  line  of  new  and  redesigned 
Ehy  parts  will  he  presented  for  your  careful 
consideration. 

For  twenty-four  years  we  have  heen  conscious  of 
the  value  of  our  goinl  name  ami  the  wisdom  of 
preserving  it. 

Under  stress  of  changing  business  conditions  one 
learns,  unlearns  and  relearns.  Perhaps  we  have  »Hily 
relearned  that  a  good  name  can  never  he  taken  for 
granted,  lest  you  find  it  taken  from  you  somewhere 
in  the  market  place. 

You  must  guard  it,  and  actively  sustain  it. 

Henceforth,  that  is  our  pidicy. 


HUGH  H.  KBY,  Presuienl 
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SPECIAL  COPPER  SPRAYED 
ENDS  TO  REDUCE  CONTACT 
RESISTANCE 


WIRES  EMBEDDED  IN 
BAKELITE  TO  ASSURE 
MECHANICALLY  STRONG  UNIT 


BAKELITE  AND  WIRE  MOULDED 
TOGETHER  IN  ONE  SOLID  PIECE 


"No  need  to  complicate  purchasing — inspection  and  manufacturing  procedure 
with  more  than  one  resistor  for  loads  of  l/2  watt  or  less — size  of  this  new  Stack- 
pole  1/2  watt  resistor  only  S/S  x  13/64". . . .  lead  wires  come  straight  out  of  the 

ends _ fit  into  any  wiring  system  anyplace - mechanically  strong — insulation 

will  not  chip  ....  resistors  are  fully  encased  and  perfectly  sealed  against  humidity 
or  other  influences. 

Simplify  your  stock  of  resistors  with  Stackpole — the  standard  of  quality  and  uni¬ 
formity.  Write  for  samples  today — see  for  yourself  the  economical  advantages  of 
standardizing  your  sets  with  the  new  Stackpole  insulated  resistors." 


■ 


STACKPOLE  CARBON  COMPANY 
ST.  MARYS,  PA. 


January  1936  —  ELECTRONICS 


( 


ELECTRONICS 


JAMARV 


KEITH  HENNEY 
Editor 


Crosstalk 


i  ►SI‘K('TUr.M  CHARTS  .  .  .  Twki* 

il  Elect ronicH  has  published  a  chart  of  the 

ether  spectrum,  the  audible  freijuencies, 
and  the  photoelectric  spectrum  in  four 
colors.  These  charts  have  bt*en  dis¬ 
tributed  not  only  to  the  circulation  of 
the  paper  but  to  several  thousand 
others  who  .saw  or  heard  of  it  some¬ 
where.  These  charts  are  to  be  found 
[  framed  and  hung  on  the  walls  of  many 
engineers,  executives,  and  others  in  all 
parts  of  the  world  and  in  all  manner 
of  industrial  or  learned  professions. 

These  charts  have  been  out  of  stock 
for  six  months,  and  still  requests  come 
by  mail  and  phone.  Ralph  Langley 
suggests  that  a  nominal  charge  (say 
25  cents)  could  be  made  for  this  chart 
and  that  sufficient  people  would  want 
them,  perhaps  in  bulk,  to  make  the 
reprinting  from  completely  new  plates 
(to  take  care  of  recent  developments) 
not  too  expensive.  The  Editors  would 
be  delighted  to  hear  from  readers  who 
have  ideas  on  this  subject. 


►  O.N  II  .M('  ...  In  this  issue  is  a  brief 
report  of  the  new  high-freciuency  broad¬ 
cast  transmitter  in-stalUnl  by  WHEN  at 
Buffalo  (.see  Electronics,  April,  1935, 
for  a  description  of  the  pioneer  efforts  in 
this  direction  by  WHEN).  Now  it  is  un¬ 
derstood  that  a  half-dozen  newspaper 
owners  of  broadcast  stations  have  pur¬ 
chased  similar  equipment  as  adjuncts 
to  their  regular  broadcast  service.  Of 
even  greater  ultimate  importance  is  the 
fact  that  at  least  one  of  these  100- watt 
high-fidelity  sets  has  been  sold  to  a  com¬ 
pany  that  never  owned  a  station — and 
does  this  not  indicate  that  a  whole  new 
realm  of  local  broadcasting  might  be 
opened  up? 

Receivers  good  to  00  me.  will  improve 
this  market  for  local  coverage  high- 
fidelity  transmitters. 


►MAGIC  DOORS  ...  In  1030  Mr. 
Horace  H.  Raymond  sold  his  company. 
The  Stanley  Works,  the  crazy  idea  of 
developing  door  openers  operated  by 
phototubes.  Since  then  this  single  com¬ 


pany  has  installed  equipment  of  this 
sort  in  restaurants,  office  buildings, 
garages,  railroad  stations,  saloons  (for 
exit  purpo.ses)  and  countless  other 
places  where  an  automatic  Stanley 
Magic  Door  performed  a  natural  serv¬ 
ice.  Mr.  Raymond  wrote  a  report  on 
this  activity  for  this,  the  Review  Issue 
of  Electronics,  but  it  is  too  g(M)d  to  hide 
in  such  a  place.  Instead  it  will  have  a 
space  in  February  more  fitting  to  its 
importance  to  the  electronics  art. 


►  WITH  THANKS  .  .  .  The  flood  of 
letters  continues  from  readers  com¬ 
menting  favorably  upon  the  increased 
contents  of  Elect ronirs,  its  new  ap¬ 
pearance.  its  longer  articles,  its  larger 
illustrations,  its  Indter  paper.  .And  in 
response  to  our  request,  we  have  the 
kicks,  too.  .An  engineer  objects  to  the 
style  of  illustration  given  Mr.  Weeden’s 
skit  on  the  control  room  operator’s 
troubles.  On  the  other  hand  a  non¬ 
technical  executive  of  a  broadcast  chain 
took  the  trouble  to  point  out  that  he 
was  enticed  into  reading  this  article 
because  it  did  not  look  too  technical  for 
him  to  understand,  and  that  as  a  re¬ 
sult  he  learned  much  of  the  problems 
connected  with  putting  a  program  on 
the  air.  We  can’t  keep  these  non¬ 
engineers  from  reading  Electronics;  if 
the  engineers  have  any  advice  on  this 
score  it  wdll  be  appreciated. 

There  are  still  engineers  who  feel 
that  any  old  kind  of  paper,  any  kind 
of  printing  or  illustration,  so  long  as 
it  is  legible,  is  all  right  for  technical 
material.  We  have  commented  many 
times  upon  the  attitude  by  which 
electronics  engineers  considered  them¬ 
selves,  usually  as  members  of  the  hired- 
help  staff.  We  believe  this  attitude 
(of  not  liking  a  paper  made  good  to 
look  at.  easy  to  read),  dates  from  the 
days  when  technical  colleges  turned  out 
cracker-jack  engineers  in  a  given  pro¬ 
fession  but  dumb  at  all  others,  ignorant 
of  history,  art,  music,  literature,  or 
beauty.  We  believe  the  more  recent 
graduates  have  a  larger  horizon,  in 
spite  of  their  kicking  and  screaming  at 


having  to  take  some  of  the  cultural 
courses  now  made  compulsory. 

.And  while  we  don’t  hold  any  briefs 
for  ourselves  as  fancy  editors,  we  be¬ 
lieve  that  a  good  -  looking  paper  will 
teach,  subtly  perhaps,  the  engineers’ 
bosses  a  bit  more  about  their  profes¬ 
sional  work  than  a  stodgy  publication 
that  must  frighten  away  all  but  the 
hardest-boiled  engineers. 


►  I’.S.  .  .  .  The  above  material  was  writ¬ 
ten  a  month  ago  and  was  not  published 
in  December  because  of  lack  of  space. 
Now  we  feel  as  we  did  then — fortified 
somew'hat  by  the  unofficial  audit  of 
Electronics  circulation  showing  a  25  per 
cent  increase  in  circulation  during  the 
past  six  months,  to  the  highest  figure 
the  net  paid  has  ever  reached  (approxi¬ 
mately  8,000). 

Shall  we  grant  the  fading  depression 
and  the  better  economic  condition 
among  engineers  a  small  portion  of  the 
credit  for  this  rapid  increase  in  circula¬ 
tion  or  is  there  something  to  this  new 
Electronics^ 


►  TH  ANKS  T()  THE  BEA.M  .  .  .  Any¬ 
one  who  has  arrived  at  the  Newark 
airport  on  a  thick  day  when  the  ground 
cannot  be  seen  for  the  last  50  or  100 
miles  or  until  a  few  hundred  feet  (or 
less)  of  the  ground  cannot  help  but 
marvel  at  the  beams  on  which  the 
pilots  ride  their  craft.  In  the  Saturday 
Evening  Post  for  November  9,  1935, 
Richard  Thruelsen  rhapsodizes  over  the 
Chicago  to  Newark  TWA  route  and  in 
the  \ew  Yorker,  November  30,  Morris 
Markey  expresses  much  the  same  feel¬ 
ing.  Both  articles  are  designed  for 
popular  consumption  by  well  known 
writers  but  are  worth  the  time  of  a 
blase  radio  or  aviation  engineer.  They 
cannot  help  but  lend  the  impression 
that  American  air  travel  is  made  as 
safe  as  it  is  largely  through  the  medium 
of  electronics.  On  this  score,  Morris 
Markey  points  out  that  from  June, 
1934,  to  June,  1935,  transport  airplanes 
hauled  590,139  passengers  with  a  total 
loss  of  9  passengers. 
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►  SI*E(TRl  .M  (HARTS  .  .  .  Twui* 
ElectronicH  has  published  a  chart  of  the 
ether  spectrum,  the  audible  frequencies, 
and  the  phoUndectric  spectrum  in  four 
colors.  These  charts  have  bc'en  dis¬ 
tributed  not  only  to  the  circulation  of 
the  paper  but  to  several  thousaml 
others  who  saw  or  heard  of  it  some¬ 
where.  These  charts  are  to  bt*  found 
framed  and  hung  on  the  walls  of  many 
engineers,  executives,  and  others  in  all 
parts  of  the  world  and  in  all  manner 
of  industrial  or  learned  professions. 

These  charts  have  been  out  of  stock 
for  six  months,  and  still  requests  come 
by  mail  and  phone.  Ralph  Langley 
suggests  that  a  nominal  charge  (say 
25  cents)  could  be  made  for  this  chart 
and  that  sufficient  people  would  want 
them,  perhaps  in  bulk,  to  make  the 
reprinting  from  completely  new  plates 
(to  take  care  of  recent  developments) 
not  too  expensive.  The  Editors  would 
be  delighted  to  hear  from  rea<lers  who 
have  ideas  on  this  subject. 


►  ON  tl  MU  ...  In  this  issue  is  a  brief 
report  of  the  new  high-frequency  broad¬ 
cast  transmitter  in.stalled  by  WHEN  at 
Buffalo  (see  Electronics,  April,  llKiS. 
for  a  description  of  the  pioneer  efforts  in 
this  direction  by  WBEN).  Now  it  is  un¬ 
derstood  that  a  half-dozen  newspaper 
owners  of  broadcast  stations  have  pur¬ 
chased  similar  equipment  as  adjuncts 
to  their  regular  broadcast  service.  Of 
even  greater  ultimate  importance  is  the 
fact  that  at  least  one  of  these  100- watt 
high-fidelity  sets  has  been  sold  to  a  com¬ 
pany  that  never  owned  a  station — and 
does  this  not  indicate  that  a  whole  new 
lealm  of  local  broadcasting  might  be 
opened  up? 

Receivers  good  to  00  me.  will  improve 
this  market  for  local  coverage  high- 
ulelitv  transmitters. 


►MA(;iU  DOORS  ...  In  1030  Mr. 
lorace  H.  Raymond  sold  his  company, 
['he  Stanley  Works,  the  crazy  idea  of 
developing  door  openers  operated  by 
phototubes.  Since  then  this  single  com¬ 


pany  has  installed  equipment  of  this 
sort  in  restaurants,  office  buildings, 
garages,  railroad  stations,  saloons  (for 
exit  purposes)  and  countless  other 
places  where  an  automatic  Stanley 
.Magic  Door  performed  a  natural  serv¬ 
ice.  Mr.  Raymond  wrote  a  report  on 
this  activity  for  this,  the  Review  Issue 
of  Electronics,  but  it  is  too  gotnl  to  hide 
in  such  a  place.  Instead  it  will  have  a 
space  in  February  more  fitting  to  its 
importance  to  the  electronics  art. 


►  WITH  THANKS  .  .  .  The  flood  of 
letters  continues  from  readers  com¬ 
menting  favorably  upon  the  increased 
contents  of  Electnmirs,  its  new  ap¬ 
pearance,  its  longer  articles,  its  larger 
illustrations,  its  Indter  paper.  .And  in 
response  to  our  request,  we  have  the 
kicks,  too.  .An  engineer  objects  to  the 
style  of  illustration  given  Mr.  Weeden’s 
skit  on  the  control  room  oj)erator’s 
troubles.  On  the  other  hand  a  non¬ 
technical  executive  of  a  broadcast  chain 
took  the  trouble  to  point  out  that  he 
was  enticed  into  reading  this  article 
because  it  did  not  look  too  technical  for 
him  to  understand,  and  that  as  a  re¬ 
sult  he  learned  much  of  the  problems 
connected  with  putting  a  program  on 
the  air.  We  can’t  keep  these  non¬ 
engineers  from  reading  Electronics ;  if 
the  engineers  have  any  advice  on  this 
score  it  will  be  appreciated. 

There  are  still  engineers  who  feel 
that  any  old  kind  of  paper,  any  kind 
of  printing  or  illustration,  so  long  as 
it  is  legible,  is  all  right  for  technical 
material.  We  have  commented  many 
times  upon  the  attitude  by  which 
electronics  engineers  considered  them- 
.selves,  usually  as  members  of  the  hired- 
help  staff.  We  believe  this  attitude 
(of  not  liking  a  paper  made  good  to 
look  at,  easy  to  read),  dates  from  the 
days  when  technical  colleges  turned  out 
cracker- jack  engineers  in  a  given  pro¬ 
fession  but  dumb  at  all  others,  ignorant 
of  history,  art,  music,  literature,  or 
beauty.  We  believe  the  more  recent 
graduates  have  a  larger  horizon,  in 
spite  of  their  kicking  and  screaming  at 


having  to  take  some  of  the  cultural 
courses  now  made  compulsory. 

.And  while  we  don’t  hold  any  briefs 
for  ourselves  as  fancy  editors,  we  be¬ 
lieve  that  a  good  -  looking  paper  will 
teach,  subtly  perhaps,  the  engineers’ 
bosses  a  bit  more  about  their  profes¬ 
sional  work  than  a  stodgy  publication 
that  must  frighten  away  all  but  the 
hardest-boiled  engineers. 


►  I’.S.  .  .  .  The  above  material  was  writ¬ 
ten  a  month  ago  and  was  not  published 
in  December  because  of  lack  of  space. 
Now  we  feel  as  we  did  then — fortified 
somewhat  by  the  unofficial  audit  of 
Electronics  circulation  show’ing  a  25  per 
cent  increase  in  circulation  during  the 
past  six  months,  to  the  highest  figure 
the  net  paid  has  ever  reached  (approxi¬ 
mately  8,000). 

Shall  we  grant  the  fading  depression 
and  the  better  economic  condition 
among  engineers  a  small  portion  of  the 
credit  for  this  rapid  increase  in  circula¬ 
tion  or  is  there  something  to  this  new 
Elect  ronicsf 


►  THANKS  TO  THE  BEAM  ...  Any¬ 
one  who  has  arrived  at  the  Newark 
airport  on  a  thick  day  when  the  ground 
cannot  be  seen  for  the  last  50  or  100 
miles  or  until  a  few  hundred  feet  (or 
less)  of  the  ground  cannot  help  but 
marvel  at  the  beams  on  which  the 
pilots  ride  their  craft.  In  the  Saturday 
Evening  Post  for  November  9,  1935, 
Richard  Thruelsen  rhapsodizes  over  the 
Chicago  to  Newark  TWA  route  and  in 
the  .Vcw  Yorker,  November  30,  Morris 
Markey  expresses  much  the  same  feel¬ 
ing.  Both  articles  are  designed  for 
popular  consumption  by  well  known 
writers  but  are  worth  the  time  of  a 
blase  radio  or  aviation  engineer.  They 
cannot  help  but  lend  the  impression 
that  American  air  travel  is  made  as 
safe  as  it  is  largely  through  the  medium 
of  electronics.  On  this  score,  Morris 
Markey  points  out  that  from  June, 
1934,  to  June,  1935,  transport  airplanes 
hauled  590,139  passengers  with  a  total 
loss  of  9  passengers. 


Nine  Thousand  Radio  Chasses  a  Day 


Overhead  conveyors  carrying  completed  chasses  lo  the  test  room  in  the  Philco 
plant  where  40  percent  of  the  1935  U.  S.  production  of  ra<lio  receivers  was  made 


In  Review 


1935 

Hiulio  reteiver  inaniifartiinMs  eiij<»y  banner  production  year.  tnl)e  plants  strnjijile  with 
metal  envelopes.  coininiini<*ation  improves  technically  and  economically,  electron  tubes 
increase  tbeir  service  to  imbistr\ 


AYKAR  in  which  five  million  ra¬ 
dio  receivers  were  sold  cannot 
escai»e  bein^r  a  success;  such  was 
1935.  ('ontributiiiK  to  this  pleasant 
fact  were  the  better  economic  con¬ 
dition  of  the  averajre  citizen  and  the 
imj^roved  technique.  Hroadcastinjr 
stations,  too,  l)enefited  to  the  ex¬ 
tent  of  increased  income  from  ad¬ 
vertising'^,  some  of  which  was  i)ut 
back  into  new  station  ecjuipment. 
At  the  same  time  that  the  communi¬ 
cation  portion  of  electronics  noted 
si>rns  of  better  conditions,  the  in¬ 
dustrial  section  took  greater  advan¬ 
tage  of  the  versatility  and  practical 
usefulness  of  the  electron  tube.  More 
installations  of  non-communication 
tube  applications  were  made,  and,  as 
in  radio,  new  technical  advances 
were  accomplished. 

In  the  realm  of  >reneral  radio  c(tm- 
munication,  the  mobile  services  were 
improved  with  better  direction  find¬ 
ing'  stations  and  eejuipment.  The 
sensitivity  and  selectivity  of  the  ra¬ 
dio  compass  were  improved  during' 
the  year,  a  new  phase  indicatinjr 
system  was  develoi)ed  which  jrets 
around  the  180°  ambiv'uity  existin^r 
heretofore;  orders  were  issued  which 
will  comi)el  certain  i)as.sen>rer  liners 
to  carry  complete  t)ublic  address 
systems  and  cause  other  vessels  to 
be  fitted  out  with  automatic  alarm 
equipment  which  will  either  make 
unnecessary  a  radio  operator  or  make 
more  certain  that  aid  can  be  sum¬ 
moned  in  case  of  trouble  at  sea. 

Facsimile  equipment  for  transmit¬ 
ting  weather  maps,  or  news,  has 
been  built  and  will  be  installed  on 
several  ships  as  an  experiment.  In 
addition  the  ultra  high  frequency 
circuit  between  New  York  and  Phila¬ 
delphia  neared  the  day  when  trials 
will  be  made.  After  these  tests, 
RCA  Communications  plans  to  cover 
the  nation  with  a  radio  network. 
Other  advances  in  the  realm  of  ra¬ 


dio  point-to-point  service  include 
multiplex  l)etween  New  York  and  San 
Francisco,  the  addition  of  numerous 
new  international  radio  telephone 
circuits  and  other  new  code  circuits. 
On  ultra  hijrh  frequencies  there  has 
been  much  activity  and  installations 
have  been  made  between  Barcelona 
and  the  Balearic  Islands,  across  the 
KnK'lish  Channel,  between  Enjrland 
and  Ireland,  between  Norway  and 
islands  off  the  coast,  and  a  50-mile, 
200  Me.  circuit  in  the  Hawaiian 
Islands  has  been  jiut  in  .service.  In 
this  country  an  unattended  circuit 
has  been  installed  by  the  Bell  Sys¬ 
tem  at  Green  Harbor,  Ma.ssachusetts. 

Pan  American  Airways  has  added 
to  its  stations  in  Alaska  and  in.stalled 
a  complete  network  over  the  Pacific 
Ocean  in  prei)aration  for  regular 
tli^ht  .service  between  this  country 
and  China. 

Police  radio  equipment  continues 
to  be  in.stalled  at  rather  hi^h  sjieed. 
There  are  now  nearly  400  cities 
which  boast  radio  service  belon^'in^ 
to  the  police  department.  Many  of 
the  new  installations  have  been  in 
the  exi)erimental  bands  below  10 
meters.  For  this  service  standard 
etjuipment  is  now  available  for  use 
in  the  30  to  42  Me.  bands  in  jwwers 
from  15  to  150  watts.  Work  on  still 
hi^rher  i)ower  has  continued  and  no 
doubt  these  more  powerful  stations 
(  Newark  is  a  >rood  example  of  high¬ 
er  power)  will  continue  to  be  in¬ 


stalled  where  conditions  demand. 
Some  of  the  new  receivers  desiffned 
for  police  car  service  employ  cry.stal 
control  of  the  heterodyne  oscillator. 
Pre.sent  equipment  bears  little  re¬ 
semblance  to  the  amateurish  radios 
u.sed  in  the  early  days  of  police  radio. 

Much  work  has  been  done  to  solve 
the  problem  of  automobile  ignition 
noi.se  resulting  in  better  reception 
on  the  broadcast  band  (about  one 
million  auto  radios  were  installed 
during  1935)  and  on  the  police  or 
other  high  frequency  bands.  One 
receiver  employs  both  the  super¬ 
heterodyne  and  sui)erregenerative 
principles.  It  follows  advances  in 
home  receiver  design  in  having  ex¬ 
cellent  a.v.c.  and  a  “.squelch”  circuit 
to  get  rid  of  carrier-off  noise. 

A  transceiver  of  1-watt  pow’er  op¬ 
erating  on  300  Me.  (1  meter)  was 
developed  by  General  Electric  and 
has  been  used  over  a  line-of-sight 
distance  of  20  miles  or  over  1  mile 
in  a  residential  district.  Engineers 
in  the  G.E.  Laboratory  designed  a 
signal-to-noise  ratio  meter  to  be  used 
in  the  30  to  42  Me.  bands  which  has 
proved  to  be  most  useful  in  making 
field  surveys  in  anticipation  of  police 
radio  installations. 

Public  interest  in  short-wave  re¬ 
ception  continued  at  a  high  level 
during  the  year,  making  it  possible 
to  get  out  of  the  home  and  into 
.scrap  many  of  the  receivers  which 
have  grown  antiquated.  Sale  of  high 


•  •  •  •  A  bright 
picture  is  promised  for  improved  entertainment 
in  the  home  hv  sight  and  sound,  better  profits  are 
in  sight  for  manufacturers,  better  wages  are  in¬ 
dicated  for  engineers 
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T.  S.  McCaleb,  Har¬ 
vard,  designs  ultra- 
high  frequency 
burglar  alarm;  de¬ 
tects  any  motion 
whatever  in  a  given 
space 


priced  receivers  is  most  encouraginir. 
Several  thousand  sets  which  ap¬ 
proached  the  thousand-dollar  unit 
price  were  sold  during  the  year. 
Metal-tube  sets  undoubtedly  stirred 
public  interest  and  created  sales  op¬ 
portunities. 

While  it’s  true  that  some  improve¬ 
ment  in  tone  fidelity  and  range  were 
accomplished  during  the  year,  one 
cannot  gloss  over  the  fact  that  the 
best  of  today’s  receivers  are  still 
pretty  dead  at  5000  cycles.  Band 
wideners  became  rather  widely  used 
in  1935  and  improved  the  high  fre¬ 
quency  end  of  the  audible  scale 
somewhat  but  it  must  be  regarded 
as  unfortunate  that  the  upper  limit 
is  not  6000  to  7000  cycles  rather 
than  4000.  It  seems  that  the  selec¬ 
tivity  problem  has  been  tackled  and 
solved  much  better  than  the  prob¬ 
lem  of  how  to  get  this  selectivity 
without  ruining  the  upper  register. 
Radio  is  still  radio  to  the  engineers, 
salesmen,  and  listener — not  a  mu¬ 
sical  instrument. 

The  high  point  in  broadcasting 
during  the  year  was  probably  the 


tion;  if  he  is  optimistic,  he  runs  the 
risk  of  exciting  the  radio  trade  with 
false  fears  that  the  radio  receiver 
business  is  about  to  be  ruined. 

The  truth  is  that  considerable 
progress  has  been  made  in  television 
during  the  year.  >11  forces  are  now 
engaged  in  a  rather  gigantic  strug¬ 
gle  to  bring  this  final  t?)  prodigy 
from  the  laboratory  and  into  the 
home.  And  it  must  be  stated  at  once 
that  not  all  the  re.search  is  being 
done  in  large  laboratories.  There 
is  a  tremendous  amount  of  serious 
work  going  on  here  and  there  in 
the  belief  that  a  workable  system  of 
sight  and  .sound  broadcasting  can  be 
develop>ed  and  sold. 

The  ideal  sy.stem,  no  doubt,  is  one 
which  delivers  a  large,  bright,  well 
defined  picture,  probably  in  color, 
with  low  cost.  This  seems  a  lot  to 
shoot  for;  but  no  one  can  .say  it  is 
impossible,  or  that  such  a  develop¬ 
ment  might  not  come  from  unex¬ 
pected  quarters  at  any  time  within 
the  next  year  or  .so.  Prophets,  with¬ 
out  great  knowledge  of  what  the 
men  in  the  laboratories  are  doing, 
bandy  dates  about  with  .scant  regard 
for  facts.  Thus  1940  has  been  men¬ 
tioned — ju.st  as  1935  was  mentioned 
5  years  ago. 

The  new  year  will  see  an  ambi¬ 
tious  test  of  cathode  ray,  ultra-high 
frequency  television  in  New  York. 
A  new  transmitter  is  being  installed 
in  the  Empire  State  building,  re¬ 
ceivers  are  being  built  and  will  be 
installed  at  many  points  in  the  me¬ 
tropolitan  district;  broadcasting  sys¬ 
tems  are  experimenting  with  pro¬ 
grams  from  the  television  viewpoint, 
endeavoring  to  answer  in  advance  of 
need  the  question  of  “how  shall  we 
handle  this  program  when  television 
comes?’’  And  as  for  mechanical 
.systems,  it  would  be  extremely  dan¬ 
gerous  to  state  that  they  have  been 


Kerr  cell  and  mirror 
drums  of  ff'.  II.  Peck 
by  which  (>b-  and  IHO- 
line  mechanical  scan¬ 
ning  is  accomplished 


stratosphere  flight  of  the  Explorer 
II  details  of  which  were  carried  to  a 
world-wide  audience. 

During  the  year  an  electronic  mu¬ 
sical  instrument  was  shown  by 
Hammond  Clock  company,  an  instru¬ 
ment  that  attracted  considerable  at¬ 
tention  from  all  but  the  radio  people, 
who  scoffed,  as  usual.  It  is  now 
stated  that  more  than  a  hundred  of 
these  instruments  are  being  made 
per  month,  that  deliveries  are  about 
6  weeks  after  orders,  and  that  the 
lowest  price  per  unit  is  something 
over  $1000.  Thus  the  radio  manu¬ 
facturers  who  scoffed  may  have 
passed  up  a  cool  million-dollar  mar¬ 
ket. 


At  Christmas  time  a  powerful  pub¬ 
lic  address  system  was  installed  at 
Fort  Wayne  by  the  Electro-Acoustic 
products  company,  a  Magnavox 
subsidiary.  This  system  was  made 
up  of  a  battery  of  large  speakers 
which  were  fed  with  450  watts  of 
audio  frequency  power.  Thus  the 
town  of  Fort  Wayne  was  covered 
with  Christmas  carols  and  chimes 
through  phonograph  records  and  by 
speech. 

A  reviewer  cannot  approach  any 
estimate  of  the  immediate  possibil¬ 
ities  of  television  without  certain 
misgivings.  If  he  is  pessimistic  he 
is  likely  to  be  confounded  within  a 
short  time  by  an  actual  demonstra- 
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('.athofle  ray  tithes  enjoyed  wider 
sale  in  Here  DuMont  tubes 

are  fsoin/i  throufih  a  portion  of  7.5 
tests  before  beinji  shipped 


Snutoth  flowin/i  contours  mark  the 
recent  automobile  railio  equip¬ 
ment.  This  Arvin  control  is 
molded  of  Durez 


ca.st  aside  completely  in  favor  of 
electron  stream  devices.  As  a  sum¬ 
mary.  this  reviewer  feels  that  the 
television  outlook  is  most  hopeful, 
that  ultimately  there  will  he  most 
excellent  receivers  in  the  home,  and 
I)erhaps  in  the  theater. 

Non-communication  u.ses  of  vacu¬ 
um  tubes  of  all  .sorts  continue  to 
jjrow  both  as  to  numbers  of  units 
or  installations  .sold  and  as  to  new 
applications.  While  the  large  com- 
l)anies  making  electrical  eijuipment 
are  awaiting  the  day  when  high  low¬ 
ered.  conversion  ecjuipment  finds  a 
market,  such  as  for  direct  current 
power  transmission.  frequency 
changing,  etc.,  they  are  not  inactive 
in  promulgating  the  u.se  of  tube  aj)- 
paratus  for  low  jKnver  control  and 
other  uses. 

From  the  industrial  .standiK)inc, 
introduction  of  the  metal  envelope 
vacuum  tube  of  the  two-element  and 
of  the  controlled  rectifier  tyi)es 
should  have  a  stimulating  effect  since 
the  old  prejudice  again.st  glass  tubes 
can  no  longer  be  advanced  against 
the  u.se  of  tubes  in  indu.strial  plants. 
These  metal  tubes  are  now  available 
in  several  tyi)es.  among  them  a  30- 
ampere  half-wave  mercury  vajior 
rectifier,  a  similar  tube  in  the  1.25 
ampere  size  and  a  Thyratron  car¬ 
rying  6.4  ami)eres.  This  is  a  shield- 
grid  type  of  tube.  The  metal  tube 
was  made  possible  by  development 
of  tube-controlled  welding  apparatus 
which  .saw  wide  sale  during  the  la.st 
half  of  the  year  to  the  manufacturers 
of  metal  receiving  tubes. 

Mercury  pool  tubes  of  the  im¬ 
mersed  igniter  and  Ignitron  types 
are  now  available  in  large  size  to 
handle  i)eak  currents  of  the  order  of 
5000  amperes. 

The  year  has  seen  more  inquiry 
of  the  editors  of  Electronics  as  to 
the  opportunities  existing  in  the  de¬ 


velopment  and  .sale  of  electronic 
equipment  by  people  who  know  noth¬ 
ing.  or  very  little,  about  the  matter. 
In  general  the.se  potential  electronic 
manufacturers  are  in  doubt  whether 
to  tackle  the  whole  field  or  to  search 
out  and  cultivate  a  few  applications 
of  wide  potential  market.  A  good  ex¬ 
ample  of  the  latter  group  is  The 
Stanley  Works  which  has  made  a 
considerable  success  of  phototube 
controlled  door  opening  equipment. 

First  application  of  the  “feed¬ 
back”  circuit  in  illumination  control 
by  the  tube-reactor  .system  was  made 
during  the  year  at  Omar’s  Dome, 
a  restaurant  in  Los  Angeles.  Here 
tubes  are  used  to  control  manually 
the  decorative  scheme  of  the  large 
room  both  as  to  color  and  intensity. 
Table  fixtures  and  the  balcony  spot¬ 
lights  are  controlled.  Five  circuits 
in  all  are  controlled  by  four  electron- 
tube  panels  each  of  which  is  under 
the  control  of  an  operator  at  a  cen¬ 
tral  position  in  the  ro<im  from  which 
the  effect  can  be  observed.  Two  but¬ 
tons  are  provided  at  this  remote 
point,  one  of  which  dims  the  lights 
until  relea.sed  and  the  other  increases 
their  intensity.  They  actually  gov¬ 
ern  the  direction  of  rotation  of  a 
small  electric  motor  which  changes 
the  position  of  an  iron  core  solenoid 
[Please  turn  to  page  J.t] 


Door  opening  provides  a  useful 
outlet  for  phototube  apparatus,  as 
this  installation  at  the  Roosevelt 
Hotel,  New  Orleans,  by  The  Stanley 
ff  orks  shows 
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The  Electron  Telescope 


A  new  application  of  electron  optics  is  revealed  at  the  annual  meeting!:  of  the  Amer¬ 
ican  Association  for  the  Advancement  of  Science  hy  Doctors  Zworykin  and  Morton.  Infra¬ 
red  light  made  visible  directly  in  new  device 


Electron  optics  was  advanced 
one  step  nearer  the  full 
stature  of  its  sister-science,  the 
optics  of  light,  on  January  second 
when  Doctors  V.  K.  Zworykin  and 
G.  A.  Morton  of  RCA  Victor  an¬ 
nounced  and  demonstrated  their 
newly  developed  electron  telescope. 
This  device,  the  latest  application  of 
the  principles  first  used  in  the 
cathode  ray  tube,  has  several  unique 
applications  such  as  translating 
infra-red  light  directly  into  visible 
light  without  the  necessity  of  any 
intervening  photographic  process. 
The  model  of  the  telescope  shown 
was  particularly  remarkable  in  that 
the  images  produced  in  it  were 
entirely  free  from  the  spherical 
aberration  which  usually  distorts 
pictures  produced  by  electronic 
means.  This  freedom  from  distor¬ 


tion  is  made  possible  by  the  use  of 
a  specially  curved  photoelectric  sur¬ 
face,  one  of  the  outstanding  con¬ 
tributions  to  the  practice  of  electron 
optics  made  during  the  past  year. 

As  the  authors  pointed  out,  the 
origins  of  electron  optics  are  older 
than  the  discovery  of  the  electron 
itself;  the  earliest  workers  with 
cathode  rays  found  that  a  solid  ob¬ 
ject  would  cast  a  shadow  when 
placed  in  a  beam  of  rapidly  moving 
electrons  and  that  the  electron  beam 
resembled  light  beams  in  that  respect. 
Later  investigators  established  the 
fact  that  electron  beams  could  be 
bent  by  refraction  and  diffraction 
(see  Electronics,  September  1935, 
page  24)  in  much  the  same  way  as 
light  is  affected  by  lenses  and  sharp 
edges;  and  it  was  these  discoveries 
which  led  to  the  wave-theory  of  the 


electron  which  is  now  occupying  .so 
much  attention. 

The  evident  analogy  between  light 
rays  and  electron  beams  led  to  such 
terms  as  “electron  lenses,”  and  “elec¬ 
tron  images.”  The  design  of  elec¬ 
tron  lenses  capable  of  bending  elec¬ 
tron  beams  likewise  has  many 
geometrical  features  in  common  with 
the  design  of  glass  lenses.  For  the 
.same  rea.son  that  the  ordinary  glass 
lens  has  spherical  surfaces,  it  was 
found  that  electric  fields  having  a 
spherical  character  (that  is.  fields 
possessing  radial  symmetry)  were 
of  greatest  practical  value  in 
focussing  electron  beams. 

The  analogy  between  the  electron 
lens  and  the  gla.ss  lens  can  be  car¬ 
ried  through  mathematically.  The 
foc’al  length  /  of  a  glass  lens  (/  is 
the  distance  from  the  lens  at  which 


Construction  of  the  electron  telescope.  As  shown  in  A,  the  optical  image  (the  arrow)  is  focussed  on  the  transparent 
photoelectric  cathode.  Electrons  thus  produced  take  the  paths  shown,  and  upon  hitting  the  Willemite  screen,  recreate 
the  image  in  an  inverted  position.  The  electron  lens  consists  of  the  two  cylinders,  the  left  of  which  is  broken  up  into 
a  series  of  rings  to  aid  correct  focussing.  A  glass  lens  acting  on  light  rays  in  the  same  way  would  have  the  position 
shoum  in  dotted  lines.  At  B  is  shown  a  model  containing  an  aperture  by  which  the  magnification  can  be  controlled 
electrically.  By  increasing  the  potential  F*  with  respect  to  Vt  the  magnification  can  be  increased 
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Doclom  Zworykin  and  Morion  in  ihe  Electronic  Research  l.ahoralory  where 
the  new  device  was  developed,  pholo/iraphed  hy  the  Editor  ttn  a  recent  visit 
to  ('.amden.  Dr,  Morion  holds  a  typical  telescope  lithe 


a  beam  of  parallel  rays  is  brou^rht  to 
foeus  at  a  jwint)  can  be  ^iven  by: 


where  K  is  a  constant  dependinv^  on 
the  lens  dimensions  and  and  are 
the  indices  of  refraction  of  the  jrlass 
and  of  the  air.  Likewise  the  focal 
lenjrth  of  a  charjred  aperture  (a 
form  of  electron  lens)  is  ^'iven  by: 


where  V  is  the  velocity  of  the 
electron  whose  path  is  beinjr  bent, 
and  £■,  and  are  the  electrostatic 
fields  on  either  side  of  the  aperture. 
Thus  by  the  proper  choice  of  dimen¬ 
sions  and  fields,  the  electron  lens  is 
capable  of  brinjrinjr  a  beam  of  elec¬ 
trons  to  focus  in  the  same  way  that 
a  t?lass  lens  acts  on  a  lijrht  l)eam. 
Furthermore  either  jmsitive  or  nega¬ 
tive  lens  action  (converjrinjr  or 
diver)rinjr)  may  be  produced. 

Apjilicdtioim  of  Electron  Ia'iihcx 

At  present  the  most  important  ap¬ 
plication  of  electron  lens  action  is 
that  used  in  the  cathode  ray  tube, 
i.e.  in  the  production  of  the  beam 
of  electrons  as  they  leave  the  ac¬ 
tivated  cathode  surface  and  in 
focu.ssinK  the  electrons  in  a  small 
spot  on  the  fluorescent  screen.  The 
smallness  of  the  spot  is  particularly 
important  in  television  work,  where 
it  is  the  absolute  limitation  of  the 


definition  of  the  picture  produced. 
.Another  api)lication  of  ^reat 
promi.se  is  the  electron  micro.scope. 
The.se  instruments  u.se  electron 
lenses  dependent  usually  on  both 
electrostatic  and  magnetic  action. 
They  have  been  very  successful  in 
certain  applications  where  lijrht  can¬ 
not  be  used  in  the  examination  of 
small  objects.  The  electron  micro¬ 


scope  in  fact  promises  to  be  the  ulti¬ 
mate  tool  in  this  field,  since  the 
resolution  theoretically  possible  with 
an  electron  beam  is  several  times 
jjreater  than  that  possible  with 
li^ht,  makinj?  it  possible  to  dis¬ 
tinguish  points  separated  by  a  much 
smaller  distance. 


In  the  cou»-se  of  the  investigations 
carried  out  by  Doctors  Zworykin 
and  Morton,  they  developed  an  in¬ 
strument  capable  of  producing  an 
electron  image  of  a  large  object, 
whereas  the  electron  microscope  and 
cathode  ray  tubes  are  concerned 
with  very  .small  emitting  surfaces. 
The  instrument  was  built  with 
.several  requirements  in  mind:  a 
large  area  of  object  and  image,  free¬ 
dom  from  distortion,  small  circle  of 
confusion,  large  lens  aperture,  and  a 
small  (one-half  to  three  times)  de¬ 
gree  of  magnification.  Because  the 
instrument  can  be  focus.sed  on  a 
large  .scene,  in  much  the  same  way 
as  with  an  ordinary  terrestrial  tele- 
.scope,  it  has  received  the  name  “elec¬ 
tron  tele.scoi)e.”  Actually  it  is  more 
clo.sely  an  “electron  copying  camera,” 
as  will  l)e  seen  fn  m  the  nature  of 
its  ai)plications. 

The  Electron  Telescope 

The  electron  telescope  consists  of 
an  evacuated  tube  inside  which  are 
the  following  elements  (see  dia¬ 
grammatic  illustration  on  page  10)  : 
a  semi-transparent  photoelectric 
cathode  on  which  the  optical  image 
may  be  focussed  by  means  of  a  suit¬ 
able  glass  lens  and  a  .series  of 


focussing  anodes  (the  lens)  for 
directing  the  electron  stream  from 
the  cathode  toward  the  fluorescent 
screen  at  the  opposite  end  of  the 
tube.  The  image  thus  produced  on 
the  Willemite  screen  reproduces  the 
image  focussed  on  the  trans¬ 
parent  cathode,  and  the  degree  of 


The  type  of  lube  demonstrated  at  St.  I.oiiis,  with  an  enlarged  fluorescent  screen 
producing  pictures  six  to  eight  inches  in  diameter 
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magnification  can  be  controlled 
within  the  available  limits  by  chang¬ 
ing  the  relative  potentials  on  the 
focussing  anodes  and  aperture.  Since 
the  photoelectric  surface  of  the 
cathode  can  be  made  sensitive  to 
infra-red,  visible,  and  ultra-violet 
light,  the  image  visible  on  the  screen 
is  formed  regardless  of  what  kind  of 
light  is  used  on  the  cathode,  and  for 
this  reason  the  device  is  a  very  effi¬ 
cient  converter  of  both  infra-red  and 
ultra-violet  light  to  the  visible 
spectrum. 


Details  of  the  Design 


of  the  equipotential  surfaces  (or  the 
lines  of  electrostatic  force  at  right 
angles  to  them)  to  change  the  focus, 
it  is  important  not  to  change  the 
field  next  to  the  cathode  at  the  same 
time.  This  was  prevented  by  using 
six  separate  cylinders  for  the  fir.st 
half  of  the  lens,  as  shown  in  the 
diagram,  with  a  difference  of 


In  constructing  an  optical  instru¬ 
ment,  the  ability  to  focus  the  image 
by  changing  the  relative  position  of 
the  lenses  in  the  system  is  of  course 
of  prime  importance.  In  building 
electronic  devices,  changing  th« 
position  of  the  cylinders  and 
apertures  which  form  the  lens 
system  is  extremely  difficult  (though 
not  impossible)  once  the  tube  has 
been  evacuated  and  sealed  off.  A 
system  of  fixed  focus  is  shown  in 
the  right  hand  figure  of  the  diagram 
(page  10)  ;  to  build  such  a  tube  so 
that  it  will  exhibit  perfect  focus 
when  completed  is  almost  impossible. 
The  solution  to  this  difficulty  is  to 
devise  some  means  of  changing  the 
focus  electrically,  that  is,  by  chang¬ 
ing  the  potential  applied  to  one  or 
more  of  the  electrodes.  This  change 
will  change  the  configuration  of  the 
lines  of  force  acting  on  the  elec¬ 
trons. 

When  so  changing  the  curvature 


Above,  the  imafte  produced  when 
the  cathode  wax  illuminated  with  a 
news-reel  motion  picture 


At  left,  the  tube  set  up  as  a  ter¬ 
restrial  telescope,  tvith  o  ulass  lens 
for  focussin/i  the  scene  on  the  ca¬ 
thode.  This  device  can  see  in  the 
dark  if  ultra-violet  or  infra-red 
light  is  used 


potential  between  each.  The  poten¬ 
tial  gradient  along  the  cylinder 
thus  formed  prevents  changing  the 
field  clo.se  to  the  cathode.  Such 
tubes  were  capable  of  producing  ac¬ 
ceptable  images  provided  the  area 
u.sed  on  the  cathode  was  small.  If 
the  image  formed  on  the  cathode 
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is  larKe,  the  “pin  cushion”  distor¬ 
tion  shown  in  the  photographs  of 
the  rectangular  K>*id  (below)  is  pro¬ 
duced. 

The  cause  of  this  aberration  is 
primarily  the  chan^rinjr  curvature  of 
the  field  with  distance  away  from 
the  cathode.  By  alterin^r  condi¬ 
tions  at  the  cathode  surface,  either 
>feometrically  or  by  chan^inK  the 
field,  the  distortion  can  be  corrected. 
t'han^inK  the  field  is  possible  but 
much  le.ss  practical  than  the  method 
finally  adopted  by  the  authors,  which 
was  the  u.se  of  a  curved,  sj)herically 
shaped  cathode  surface,  as  shown  in 
the  diagrams.  Because*  of  the  nature 
of  the  distortion,  the  cathode  sur¬ 
face  is  curved  concave  toward  the 
ima>re.  The  radius  of  the  spherical 
surface  is  eipial  to  the  distance  from 
the  cathode  surface  itself  to  the  elec¬ 
tron  lens  i)roi>er.  When  the  shai)ed 
cathode  is  used,  the  “pin-cushion” 
distortion  is  reduced  to  a  ne>rliKible 
amount,  as  shown  in  the  illustra¬ 
tions. 

The  complete  tube,  as  shown,  con¬ 
tains  a  volta^'e  divider  within  the 
tube  which  distributes  the  potentials 
in  the  proi)er  relation  to  each  rin^r 
of  the  lens. 

The  I'xe  of  .Apertures  hi  thi  Tiihe 

If  the  electron  lens  is  used  in  con¬ 
junction  with  a  sinjrle  aperture 
(diagram  B  pa>re  10)  the  magnifica¬ 
tion  is  not  Kiven  by  the  same  law  as 
with  the  lens  alone.  Instead,  de- 
pendin>r  upon  the  position  of  the 
ai)erture  with  respect  to  the  two 
sides  of  the  lens,  the  majrnification 
becomes  )rreater  or  less  than  that 


‘*Pin-eushion'’  distortion  which  re~ 
suits  when  a  flat  surfaced  cathode 
is  used  with  an  image  of  a  grid 


available  without  the  aperture;  as 
a  result,  tubes  of  otherwise  identi¬ 
cal  construction  can  be  made  to  have 
a  wide  variety  of  po.ssible  magnifi¬ 
cations  by  chanKinK  the  effective 
position  of  the  aperture.  Chanjr- 
in^r  the  potential  applied  to 
the  ajterture  with  respect  to  the 
potentials  on  the  two  sides  of  the 
lens  will  change  its  effective  posi¬ 
tion  so  that  the  dejrree  of  magnifi¬ 
cation  can  l)e  varied  electrically 
l>etween  the  limits  available.  The  pin¬ 
cushion  distortion  can  be  corrected 
by  means  of  the  spherical  cathode, 
over  almost  the  entire  ranjre  of 
ma^Miification. 


For  mat  ion  of  the  Cathode 

The  cathode  used  is  a  semi-trans¬ 
parent  cesium-oxide-silver  layer  on 
sputtered  platinum,  and  is  produced 
as  follows;  The  curved  jrlnss  or 
(juartz  plate  is  first  sjnittered  lightly 
with  platinum  which  acts  as  an 
inert  conductinvr  base.  A  layer  of 
silver  is  then  deposited  by  evajjora- 
tion,  ami  after  baking,  the  jdate  is 
mounted  in  the  tube.  After  e.x- 
haustinK  the  tube,  the  silver  is 
oxidized  by  electric  discharge  in 
oxyjren,  and  then  cesium  vapor  is 
admitted,  which  reacts  with  the 
silver  oxide.  This  i)roc-e.ss  is  very 
similar  to  that  used  in.  making 
cesium  photwells. 

.Applications  of  the  Telescope 

The  applications  of  the  tube  are 
shown  in  the  illustrations,  i.e.  as  a 
copying  camera  both  of  still  and  mo¬ 
tion  pictures,  with  infra-red,  visible, 
or  ultra-violet  lijrht.  The  tube  may 


be  mounted  for  use  with  the  infra¬ 
red  microscope  as  shown.  This  ap¬ 
plication  is  of  particular  value  as  it 
permits  e.xamination  of  live  and 
movinjr  specimens  under  infra-red 
li^ht,  which  has  heretofore  been 
po.ssible  only  through  the  use  of  mo¬ 
tion  i)icture  photography. 

Other  applications  of  the  tube  are 
smoke  and  haze  penetration  by  the 
use  of  infra-red  filters.  Also,  in 
connection  with  the  infra-red  camera 
u.sed  in  lonjr  distance  photojrraphy, 
the  tube  may  Ik?  u.sed  to  obtain  a 
better  idea  of  what  will  be  recorded 
on  the  film.  The  tele.scoi)e  may  be 
used  for  si^^nallinK.  foi*  alarm 
.systems  and  the  like. 

-At  the  pre.sentation  of  the  paper 
in  St.  Louis,  Dr.  Zworykin  showed 
pictures  formed  by  focussing  the 
outjjut  of  a  motion  picture  projector 
onto  the  cathode  surface  through  a 
red  filter.  The  fidelity  of  reproduc¬ 
tion  was  remarkably  good,  better  in 
fact  than  the  illustrations  printed 
here  would  indicate.  The  large  tube 
j)roduced  pictures  approximately 
six  inches  in  diameter. 

Since  the  tul>e  consumes  a  very 
small  current  ( i)hotoelectric  and 
leakage  currents)  the  power  supply, 
even  though  it  must  provide  voltages 
of  the  order  of  .several  thousand,  can 
be  very  compact,  as  show'n  in  the 
illustrations.  The  entire  device  can 
be  fed  directly  from  a  110  volt,  60 
cycle  line. 

The  editors  are  indebted  to  the 
authors  of  the  paper  and  to  Dr. 
Henry  B.  Ward.  Permanent  Secre¬ 
tary  of  the  -A.A.A.S.,  for  permis¬ 
sion  to  publish  the  information  con¬ 
tained  in  this  article. 


The  corrected  image  of  the  grid 
made  possible  by  the  use  of  a 
spherically  shaped  cathode  surface 


Two  favorite  television  subjects  as 
they  appear  when  reproduced  by 
the  telescope  tube 
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A  Tube-controlled  Motor 


A  synchronous  motor  witli  electronic  connection  l)etvveen  field  coils  forms  a 
mechanically-coupled  variahle-frecpiency  oscillator  of  interesting:  uses 


During  the  past  several  years 
the  number  of  uses  for  small 
synchronous  motors  has  greatly  in¬ 
creased.  These  motors,  ordinarily, 
are  of  the  tone  wheel  type,  that  is  to 
say,  a  notched  rotor  which  revolves 
in  a  pulsating  magnetic  field.  Un¬ 
less  the  device  has  some  special 
means  of  self-starting,  it  must  be 
brought  to  synchronous  speed  by 
hand.  When  once  started,  operation 
is  quite  stable  if  the  power  supplied 
is  constant  and  the  frequency  does 
not  vary.  This,  in  many  cases,  is  a 
decided  advantage.  However,  there 
are  times  when  the  supplied  power 
must  vary  (line  voltage  fluctuation, 
decrease  in  tube  emission,  etc.) 
without  affecting  the  frequency.  In 
this  case  it  might  be  a  serious 
handicap  if  the  motor  were  to  “fall 
out”  or  stop. 

The  device  described  overcomes 
this  difficulty  with  the  added  ad¬ 
vantage  of  supplying  much  more 
power  for  a  given  control  voltage. 

The  original  apparatus  consisted 
of  a  1,000-cycle  motor  similar  to  the 
type  used  in  frequency  standards. 
There  were  three  field  coils,  two  of 
which  were  used  as  driving  coils, 
and  one  alternator  or  control  coil. 
These  are  hereafter  referred  to  as 
“plate  and  grid  coils,  respectively. 
The  grid  coil  was  so  arranged  that 
it  might  be  swung  through  a  small 
angle  about  the  rotor. 

The  combination  of  the  grid  coil 
and  rotor  forms  an  inductor  type 
alternator,  so  that  as  the  rotor  is 
.spun  a  pulsating  current  of  a  fre¬ 
quency  equal  to  the  number  of  poles 
passing  the  pole  piece  of  the  coil 
per  second  is  produced.  This  cur¬ 
rent  passes  through  the  primary 
of  a  transformer  and  the  resulting 
secondary  voltage  is  applied  to  the 
grid  of  a  vacuum  tube.  The  ampli¬ 
fied  voltage  is  then  applied  to  the 
plate  coils,  the  combination  of 
which,  with  the  rotor,  constitutes  a 
simple  synchronous  motor.  When 
(a)  the  power  supplied  by  the  tube 
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is  enough  to  overcome  the  friction 
losses  of  the  rotor  and  (b)  the 
phasing  of  the  grid  and  plate  coils  is 
correct,  the  motor  will  run,  increas¬ 
ing  in  siieed  until  the  losses  are 
equal  to  the  power  supplied.  Since 
the  si>eed  of  the  machine  is  always 
synchronous  with  the  generated  fre¬ 
quency,  the  words  speed  and  fre¬ 
quency  will  hereafter  be  inter¬ 
changeable. 

When  the  above  situation  is 
analyzed,  it  will  be  .seen  that  the 
device  is  actually  a  type  of  oscillator 
in  which  a  rotating  mechanism  is 
used  to  secure  feedback  and  control 
the  frequency.  The  angular  position 
of  the  grid  coil  with  respect  to  the 
plate  coil  determines  the  phase  of 
the  voltage  fed  back,  which  in  turn 


determines  the  torque.  In  this  de¬ 
vice,  when  the  phase  relation  shifts 
through  a  critical  value,  the  direc¬ 
tion  of  rotation  is  reversed,  while  in 
an  ordinary  oscillator,  oscillations 
would  cease  until  the  phase  is  shifted 
180°  further.  Since  a  free  wheel  has 
no  definite  period  of  rotation,  and 
since  none  of  the  circuits  have  Ikhmi 
made  sharply  resonant,  the  sjwed.  up 
to  the  cutoff  of  the  amplifier,  is  a 
function  of  the  power  supplied. 

However,  the  frequency  may  be 
quite  accurately  controlled  by  several 
means,  such  as  (1)  tuning  the  grid 
or  plate  circuits,  (2)  inserting  an 
electro-mechanical  resonator  in  the 
circuit,  (8)  introducing  a  control 
frequency  from  an  external  sourie, 
(4)  employing  a  mechanical  governor 
on  the  rotor.  Little  need  be  said 
about  the  first  and  last  of  the.se 
methods,  as  they  operate  exactly  as. 
would  be  exi)ected. 


Constructional  details  of 
the  tube-controlled  motor 
showing  rotor,  etc. 
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Complete  ussemhiy  of  the  mechonirally-coupled 
nlternntor,  syndirtmous  motor  of  controlled  speed 


A  tuninjT  fork  or  magnetostriction 
rod  may  be  connected  as  shown.  The 
)?rid  and  plate  coils  are  connected  to 
promote  oscillation.  /?,  and  R,  may 
be  decrea.sed  until  oscillation  just 
stops.  Now  if  the  rotor  is  started 
and  the  jrrid  coil  properly  phased, 
the  speed  will  increase  until  the  fre¬ 
quency  is  synchronous  with  the 
natural  frequency  of  the  resonator 


and  will  fall  into  synchronism.  If 
the  rotor  si)eed  is  still  further  in- 
crea.sed,  by  hand,  it  will  immediately 
fall  back  into  synchronism.  The 
damping  effect  of  and  /?,  seems  to 
have  little  effect  on  the  stability  of 
operation.  With  this  system  and 
the  addition  of  temperature  control, 
a  one-tube  primary  standard  of  fre¬ 
quency  is  possible. 


/> — Tuned  circuit  type 
of  control 

If  a  control  frequency  from  an  ex¬ 
ternal  .source  is  introduced,  the 
stabilizing  effect  and  adjustment  for 
operation  is  much  the  same  as  for 
the  mechanical  resonator.  In  opera¬ 
tion  all  the  power  necessary  to  run 
the  motor  and  associated  apparatus 
is  supplied  by  the  vacuum  tube,  while 
the  only  function  of  the  control  volt¬ 
age  is  to  control  the  speed.  Adjust¬ 
ments  can  be  made  so  that  the  con¬ 
trol  voltage  may  undergo  a  change 
of  more  than  five  to  one  without 
causing  the  motor  to  drop  out  of 
step. 

A  circuit  is  shown  in  which  a 
pair  of  thyratrons  or  grid  glow  tubes 
are  used  to  supply  the  driving  power. 
It  is  actually  an  inverter  circuit  in 
which  the  controlling  frequency  is 
supplied  by  the  grid  coil.  In  opera¬ 
tion  this  circuit  has  the  advantage 
of  large  power  and  good  speed  regu¬ 
lation  over  a  wide  range  of  fre¬ 
quency.  In  this  case  the  speed  may 
be  controlled  by  adjusting  the  tank 
condenser  C,.  Of  course,  stabiliza¬ 
tion  may  be  also  secured  from  an 
external  source  as  in  the  vacuum 
tube  device. 

The  author  believes  that  the  de¬ 
vice  here  described  may  be  used  to 
advantage,  in  some  cases,  over  the 
simple  synchronous  motor.  As  an 
oscillator  there  may  be  found  many 
interesting  applications.  One  in¬ 
teresting  characteristic  is  that  it 
cannot  jump  from  one  frequency  to 
another  due  to  rotor  inertia. 
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Graphical  Harmonic  Analysis 


Method  applicable  to  waves  of  the  type  where  there  are  present  sine  components  of 
0(1(1  harmonics  and  ('osine  components  of  even  harmonics:  as  for  amplifiers  or  modu¬ 
lators 


WITH  the  advent  of  high 
fidelity  transmission  and  re¬ 
ception  apparatus,  more  and  more 
attention  is  being  given  to  the  ac¬ 
curate  determination  of  the  har¬ 
monic  output  of  amplifying  systems. 
In  the  past,  graphical  methods  of 
pre  -  determining  second  and  third 
harmonics  introduced  by  an  ampli¬ 
fier  tube  have  been  used  with  satis¬ 
factory  results.  However,  at  this 
time  it  has  become  necessary  for  the 
engineer  to  know  not  only  the  second 
and  third  harmonic  amplitudes  but 
also  the  amplitude  of  higher  order 
harmonics.  One  method*  has  been 
previously  presented  which  applies 
to  calculation  of  harmonics  in  waves 
of  the  type  which  possess  only  sine 
components  of  odd  harmonics  such 
as  a  perfectly  balanced  push  pull 
amplifier.  It  is  the  purpose  of  this 
paper  to  present  a  general  method 
applicable  to  waves  of  the  type 
wherever  there  are  present  sine 
components  of  odd  harmonics  and 
cosine  components  of  even  har¬ 
monics.  This  covers  the  field  where¬ 
in  the  dynamic  operating  charac¬ 
teristic  of  the  device  can  be 
represented  by  a  curved  line  such 
as  a  class  A  amplifier  operating  into 
a  pure  resistance  load,  a  class  B 
radio  frequency  amplifier,  a  class  C 
plate  *  modulated  radio  frequency 
amplifier,  screen  or  suppressor  grid 
modulated  amplifiers  and  so  forth. 
The  data  presented  in  this  paper 
will  allow  calculation  of  all  har¬ 
monics  up  to  the  eighth.  The 
method  to  be  described,  however,  is 
accurate  and  if  carried  further  will 
result  in  accurate  determination  of 
as  many  harmonics  as  are  desired. 
It  is  felt  that  the  data  presented 
in  this  paper  are  sufficient  to  meet 
the  majority  of  the  needs  of  the  de¬ 
signers  of  present  day  apparatus. 

It  is  apparent  that  a  periodic 
wave  resulting  from  a  dynamic 
characteristic  such  as  is  shown  in 
Fig.  2  possesses  one  type  of  sym- 


By  J.  A.  HI  TC  HESOX 

Radio  Division 
Westinghouse  Electric  & 
Manufacturing  Co. 

Chicopee  Falls,  Mass. 

metry,  namely  that  if  the  wave  were 
folded  on  a  line  passing  through  the 
peak  both  halves  would  coincide. 
This  is  the  type  of  wave  which  satis¬ 
fies  the  condition  that  an  ordinate 
/  ix)  is  identical  with  the  ordinate 
f  (tt  —  X)  provided  that  the  origin 
X  =  0  is  so  cho.sen  that  if  three  ecpial 
ordinates  a,  h,  and  c,  are  taken,  then 
the  distance  (along  the  abscis.sa) 
from  a  to  b  is  equal  to  the  distance 
from  b  to  c.  (See  Fig.  1).  It  has 
been  shown*  that  when  this  condi¬ 
tion  is  .satisfied  the  wave  possesses 
only  sine  component  terms  of  odd 
harmonics  and  cosine  component 
terms  of  even  harmonics. 

The  departure  of  the  dynamic 
characteristic  from  a  straight  line 
is  due  to  the  harmonic  components 
in  the  wave.  If  a  straight  line  is 
drawn  from  one  end  of  the  dynamic 
characteristic  to  the  other  end,  the 
harmonic  content  can  be  accurately 


determined  by  a  measurement  at 
si)ecified  points  of  the  ordinate  dif¬ 
ference  Ixdween  the  straight  line 
and  the  dynamic  characteristic.  To 
determine  the  i)roper  points  at  which 
the  ordinate  differences  should  be 
measured  curves  shown  in  Fig.  :*> 
were  plotted.  The  ab.scissa  for  all 
curves  is  x  sin  The  .separate 
curves  are  obtained  from  the  fol¬ 
lowing  e<iuations: 


:>a  )  /,  In.  cos  2  uj/ 

In,  (  1  —2  sin  vM 
as  X  =  sin  u-t 

I,  -  In,  (1  —  2x* ) . 


Similarly. 

:ib)  /,  In,  C’^x  —  4x‘) 

:k-)  /.^/„.(8(l—x*)*  — 

8  (1  —  -f  1 ) 

:?d )  I,  =  In.  ( r>x  —  20x’  -t- 1  fix* ) 
:ie)  /.=  /„.  (32(1— X  )*  — 

48  (1  —X*)*  4-  18  (1  —  X*)  —  1) 
3f )  I,  —  In,  (7x  —  5fix’  -f 

112x*  — fi4x*» 


*1.  K.  Mouroiiitseff  and  H.  N.  Kozaiiowskl 
I’riK-.  IKE  Vol.  22  paRt*  lOHO,  Sept.  l;t34. 

*M.  <1.  Malti— -Eleotric  Circuit  Analysis 
«'hap.  XIII  I’aKc  l*;s. 


Fig.  1.  Periodic  wave  which  results  from  the  dynamic  characteristic  shown 
opposite.  This  form  possesses  symmetry  about  a  vertical  axis  through  the 

maximum  point 
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These  curves  show  how  the  ampli¬ 
tude  of  the  individual  harmonics 
varies  during  the  half-cycle  varia¬ 
tion  of  the  fundamental  wave  from 
its  trough  to  its  peak.  Now  as  we 
have  connected  the  ends  of  the 
dynamic  characteristics  with  a 
straight  line,  the  .same  straight 
line  must  connect  the  ends  of  the 
individual  curves  for  each  harmonic. 
Therefore,  the  distance  at  any  point 
(x)  l>etween  the  dynamic  charac¬ 
teristic  and  the  straight  line  joining 
its  ends  must  be  the  sum  of  the  di.s- 
tances  between  the  curves  for  the  in¬ 
dividual  harmonics  and  the  straight 
line  joining  their  ends  at  the  same 
point  X,  i)rovided,  of  cour.se,  the 
dynamic  characteristic  repre.sents  a 
wave  having  no  harmonics  of  higher 
order  than  the  seventh  in  this  case. 
Thus,  by  setting  up  as  many  simul¬ 
taneous  ecjuations  as  there  are  har¬ 
monics  to  consider  we  can  solve  for 
the  value  of  each  harmonic  in  terms 
of  the  ordinate  differences  between 
the  dynamic  characteristic  and  the 
straight  line  joining  its  ends. 

Hy  the  inspection  of  Fig.  we  can 
see  that  the  problem  is  considerably 
simplified  by  the  choice  of  points  at 
which  the  ordinates  are  measured. 
Thus  at  the  point  x  =  — 0.707  the 
curve  for  the  .seventh  harmonic 
passes  through  the  straight  line  join¬ 
ing  the  ends  of  the  curve,  and  the 
eijuation  is  as  follows.  Calling  the 
ordinate  difference  measured  at  x  = 
— 0.707,  a.  the  eipiation  for  a  is: 

Cl  =  /„,  —  1.414  /,,j  —  /«,  -j- 
1.414 


-1.0  -.9  -.8  -.7  -.6  -.5  -.4  -.3  -.2  -.1  0  .1 
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rig.  3.  ('.urves  iiseti  in  shnning  how  the  nmplitude  of  each  individual  harmonic 
variex  during  a  helf-cycle  of  the  fundamental,  plotted  from  the  equations 

given  in  text 


Fig.  2.  Dynamic  characteristic  used 
in  producing  Fig.  1. 


Similarly  calling  b  the  ordinate 
difference  measured  at  x  =  — 0.5, 
c  the  ordinate  difference  at  x  =  0, 
d  the  ordinate  difference  at  x  =  -f- 
0.5,  /  the  ordinate  difference  at  x  =. 
-f-  0.707  and  g  the  ordinate  difference 
at  X  =  -f-  0.3  the  following  equations 
are  obtained. 

b  =  1.5/„,  —  1.5/„,—  1.5/„, 
c  =  2I,„  +  2I„, 
d=  1.57, 1.5/„,— 1.5/, 

/  =  /<),  1.414  /o,  —  /„,  — 

1.414  /„3  -|-  /,!, 
g  =  1.82  /„,  +  1.092  /„, 

—  0.6552  In.  +  0.699  /, 

-1-0.751  /,-f  1.146  In, 

Solving  these  equations  to  find  the 
harmonic  current  amplitude  in  terms 


of  the  ordinate  differences  a,  b,  c,  d, 
/,  and  g  we  find  that : 

=  J  (rf+5)  -f  i  ic—f—a) 

J  (d—b) 

(c—f—a) 

/  —  £ I 

* "«  2  ^ 

,  _g—l .827„,  —  1 .092/„. -f- 
1.146 

0.6552/„.  —  0.699/,,,  —  0.751/o. 
1.146 

It  is  apparent  from  inspection  of 
the  curves  of  Fig.  3  that  the  relation 
between  the  amplitude  of  the  funda¬ 
mental  /o,  and  the  ordinate  distance 
between  the  extremities  of  the 
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dynamic  characteristic  is  affected 
only  by  the  odd  harmonic  compo¬ 
nents.  For  example  if  vve  suppose 
that  we  had  a  fundamental  amplitude 
of  100  units  and  added  to  it  a  second 
harmonic  having  an  amplitude  of  10 
units  we  can  see  from  3a  that  the 
second  harmonic  component  is  nega¬ 
tive  in  sign  at  both  ends  of  the 
curve.  The  peak  amplitude  of  our 
complex  w’ave  would  be  100  — 10  = 
90  units  and  the  minimum  point  at 
the  trough  of  the  wave  w’ould  be 
—100  —  10  =  —no  units.  The 
ordinate  distance  between  the  peak 
and  the  trough  is  90  -j-  110  =  200 
which  is  the  same  as  that  for  the 
fundamental  component  alone.  The 
same  reasoning  applies  to  the  other 
even  harmonics.  How'ever,  suppose 
w'e  added  10  units  of  third  harmonic 
instead  of  second  harmonic.  We  see 
from  curve  3b  that  the  third  har¬ 
monic  is  negative  in  sign  at  the  point 
corresponding  to  the  peak  of  the 
fundamental  and  positive  in  sign  at 
the  point  corresponding  to  the 
trough.  The  peak  amplitude  of  the 
complex  wave  would  be  100  —  10  = 
90  units  and  the  minimum  point  at 
the  trough  of  the  wave  would  be 
— 100  -j-  10  =  — 90.  In  this  case 
the  ordinate  distance  betw’een  the 
peak  and  the  trough  is  90  -j-  90  = 
180  units.  Therefore,  we  see  that. 


as  the  relation  between  the  ordinate 
distance  between  the  ends  of  the 
dynamic  characteristic  is  affected  by 
only  odd  harmonics,  we  can  express 
the  fundamental  amplitude  in 
terms  of  the  peak  to  trough  ampli¬ 
tude  of  the  complex  wave  /«.  as  fol¬ 
lows  : 

I  ~  -L.  I  _ 7  / 

With  the  above  expression  for  the 
fundamental  amplitude  together  with 
the  expressions  for  harmonic  com¬ 
ponents  it  is  possible  to  analyze  a 
non-linear  dynamic  characteristic  for 
the  resultant  harmonic  comjjonents 
expressed  directly  in  amperes  (or 
volts  as  the  case  may  be)  or  in  per¬ 
centage  of  the  fundamental. 

The  e.xpressions  derived  are  cor¬ 
rect  in  sign  when  distance  measured 
from  a  point  on  the  straight  line  to 
a  corresponding  point  on  the 
dynamic  characteristic  which  is  be¬ 
low  the  straight  line  is  called  nega¬ 
tive.  In  other  words,  always 
measure  from  the  straight  line  and 
when  measuring  downward  call  the 
distance  negative  in  sign  and  when 
measuring  upward  call  the  distance 
positive  in  sign.  The  resultant  sign 
of  some  of  the  harmonic  amplitudes 
will  almost  always  be  negative.  This 


merely  means  that  the  harmonic  is 
shifted  180°  in  pha.se  which  naturally 
affects  the  resultant  wave  form  but 
has  no  effect  on  the  harmonic  con¬ 
tent.  For  example  it  makes  no 
difference  in  the  relation  of  the 
harmonic  to  the  fundamental 
whether  the  equation  for  the  com¬ 
plex  wave  is: 

y  =  100  sin  a* 4-10  ct)s  2jr4‘''’ 
or 

y  =  100  sin  X — 10  cos  j-u  sin  3x 

although  it  has  a  large  effect  on  the 
wave  shajje.  It  is  interesting  some¬ 
time  to  solve  for  the  harmonic  com¬ 
ponents  of  a  wave,  then  recombine 
them  and  check  the  wave  shajw, 
which  is  obtained  against  the  origi¬ 
nal  wave  shape. 

A  practical  example  will  l)est  serve 
to  illustrate  the  application  of  the 
foregoing.  Figure  4  is  the  dynamic 
characteristic  of  a  type  2.\3  class 
amplifier  tube  operating  at  250  volts 
l)late  with  43.5  volts  of  bias  into  a 
load  resistance  of  2,500  ohms.  As¬ 
suming  the  peak  grid  voltage  swing 
to  e<iual  the  applied  bias  the  points 
at  which  the  ordinate  differences  Ik'- 
tween  the  straight  line  and  the 
dynamic  characteristic  are  to  be 
measured  are  determined  as  follows. 
With  the  operating  point  at  e,,  ^ 
— 43.5.  point  a  is  found  to  be  — 43.5 
—  (0.707  X  -13.5)  —74.2  volts. 

Similarly  point  h  is  at  — 43.5  — 
(0.5  X  43.5)  =  — ()5.2  volts.  Point 
c  is  the  operating  or  zero  point  and 
is  — 43.5  volts.  Point  d  is  at  — 43.5 
4-  (0.5  X  43.5)  =  —21.75  volts. 

Point  /  is  at  — 43.5  ( 0.707  X 

43.5)  —  — 12.8  volts. 

Point  g  is  at  — 43.5  4"  X 
43.5)  —  — 30.45  volts. 

The  ordinate  differences  in  mil- 
liamperes  are  found  to  be: 

Point  Ordinate 

difference 

a  —5.1 

h  —7.0 

c  —6.5 

d  —3.9 

/  —2.5 

g  —5.1 

Substitution  of  the  above  values 
gives  the  peak  values  of  the  har¬ 
monic  currents  to  be: 

I„,=  —3.35 

=  —1.03 

=  —0.28 

/„,=  —0.11 

/o,=  —0.1 

/o,  =  —0.09 

The  maximum  and  minimum  in- 
[Continued  on  page  3U\ 


Fig.  4.  Dynamic  charac¬ 
teristic  of  a  2 A3  operating 
as  a  Class  A  amplifier 
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New  4 1-Mc.  W8XH 


Does  the  liijili-fulelitN .  hijih-freqiieiiev  Vi  BEN  trans¬ 
mitter  presa*;e  a  new  ltroa<l<'ast  service? 


By  K.  .1.  KIN(;S'i.KY 

Tech n inti  Sniurriaor 
WBKX,  Buffalo 

Radio  has  sutrered  from  three 
major  reception  troubles;  static, 
fadinjr  and  weak  signals.  Thanks 
to  the  in^renuity  of  radio  design 
engineers  these  troubles  have  been 
larjjely  overcome. 

In  these  modern  times  we  are. 
however,  atllicted  with  another 
source  of  interference,  namely  inter¬ 
station  interference  between  broad¬ 
cast  stations  on  the  overcrowded  550- 
1500  kilocycle  band,  which  limits  the 
freiiuency  ran^^e  of  all  stations  in 
this  band.  The  listening'  public  is 
demandin^r  more  faithful  reproduc¬ 
tion  over  the  musical  ran^re  and  un¬ 
der  the  present  operatinjr  conditions, 
this  is  limited  to  about  ei^^ht  thou¬ 
sand  cycles.  .Actually  only  5000  cy¬ 
cles  can  be  transmitted  without 
causing  interference  in  adjacent 
channels. 

The  solution  to  some  of  these  i)rob- 
lems  may  lie  in  utilization  of  the 
ultra  hi^rh  frecjnency  bands  for 
broadcasting  purj>oses.  The  present 
e.xperiments,  such  as  \V8XH  is  car- 
ryin>r  on,  should  produce  informa¬ 
tion  which  will  determine  ju.st  how 
useful  these  freiiuencies  may  be. 
These  experiments  also  may  indicate 
whether  they  can  be  utilized  in  the 
present  broadcast  band,  as  well  as 
to  define  some  of  the  limits  their  u.se 
will  set  up  in  their  respective  fields. 

Station  WBEN  has  pioneered  in 
ultra  short  wave  broadcasting  and 
was  the  first  station  to  ^o  on  the 
air  w’ith  regularly  scheduled  musical 
programs.  On  March  18th,  1984, 
general  experimental  .station  \V8XH 
went  on  the  air  on  a  frequency  of 
51,400  kc,  and  a  power  of  50  watts. 
Later  the  operatinj;  frequency  was 
chanKed  to  41,000  kc.  and  today  the 
Buffalo  area  has  many  listeners  to 
the  W8XH  programs  on  this  fre¬ 
quency. 

The  interest  which  this  .station 


has  aroused  all  over  the  country  is 
attested  by  the  thousands  of  impiir- 
ies  received  from  interested  persons 
in  the  Buffalo  area  who  wish  to  re¬ 
ceive  the  programs  and  from  broad¬ 
cast  station  executives  who  are  wi.se 
enou^'h  to  recognize  the  iwssibilities 
of  the  ultra  hi^'h  fre(iuencie.s  for 
broadcast  puriM).ses. 

At  the  time  of  writinjr,  the  install¬ 
ation  work  is  just  about  completed 
on  a  new  transmitter  and  antenna 
system  which  will  broadcast  j)ro- 
vrrams  of  the  hi^rhest  possible  fidelity 
on  a  freijuency  of  41,000  kc.  The 
transmitter  was  esix*cially  built  for 
the  job  by  the  HCA  Manufacturing' 
Company  at  their  Camden,  N.  J. 
plant.  It  has  an  output  power  of 
100  watts  and  is  capable  of  full  100 
per  cent  hijrh  level  modulation.  The 
transmitter  is  crystal  controlled  and 
operates  through  three  frecjuency 
tloubliiiK  stages  to  its  operating  fre- 
(piency.  An  intermediate  stajre  and 
modulated  power  amplifier  complete 
the  line-up.  Preliminary  tests  have 
shown  the  transmitter  to  be  very 
stable  in  ()i)eration. 

The  antenna  system  was  designed 
by  Dr.  G.  H.  Brown,  of  the  RCA 
Victor  Company,  and  is  known  as  a 
Turnstile  antenna  array.  The  pol¬ 
arization  is  horizontal.  The  antenna 
is  erected  on  a  self-supportinj?  steel 
I>ole,  70  feet  hijrh.  located  on  the 
roof  of  the  Hotel  Statler.  The  total 
height  above  street  level  is  350  feet. 

In  the  desijrn  of  the  transmitter, 
special  attention  was  jriven  to  the 
matter  of  audio-frequency  respon.se 
with  the  result  that  the  transmitter 
it.self  is  flat  within  two  decibers 
from  30  to  17,000  cycles. 

While  field  stren^rth  measurements 
are  yet  to  be  taken  on  the  new  trans¬ 
mitter,  past  measurements  and  li.s- 
tener  reports  indicate  that  very 
jrood  broadcast  reception  will  be  ob¬ 
tained  up  to  a  distance  of  between 
25  and  thirty  miles.  Thus,  it  can 
be  readily  seen  that  a  broadca.st  sta¬ 
tion  operating  on  the  ultra  hijrh  fre¬ 


“Tiirnstile''  iintennn  array  at  ff'SXH 


quencies  has  as  j^ood  coverage  as 
the  ni^ht-time  coverage  obtained  by 
most  one  thousand  watt  rejrional  sta¬ 
tions  operatinj?  in  the  550-1500  kilo¬ 
cycle  band,  and  this  with  considera¬ 
ble  less  power  output.  It  also 
appears  that  receiver  manufacturers 
are  recojrnizing  the  importance  of 
extendinjr  the  receivinjr  ranjje  of 
receivers  into  the  ultra  hi^h  region. 
There  are  now  a  number  of  sets  on 
the  market  which  will  do  this  and 
more  are  soon  expected  to  follow. 

WBEN  is  indebted  to  Dr.  G.  H. 
Brown,  and  Mr.  T.  A.  Smith  of  the 
RCA  Manufacturinjr  Company  and 
to  Mr.  L.  C.  F.  Horle,  its  consulting 
engineer,  for  the  assistance  which 
they  have  rendered  in  the  develop¬ 
ment  of  this  project. 
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Broadcast  Transmitter  Features 


New  constructional  desijrns  advance  ease  of  adjustment,  accessibility  of  tube  and 
components  for  service  and  replacement,  save  space,  and.  above  all.  follow  tbe  element  of 
sbowmanship  demanded  by  the  broadcaster 


Broadcast  transmitter  de¬ 
velopment — almost  at  a  stand¬ 
still  durinig  early  depression  years, 
and  limited  to  three  or  four  new  low- 
power  designs  in  1933  and  1934 — 
has  notably  quickened  in  pace  during 
recent  months.  The  large  manufac¬ 
turers,  in  step  with  increased  day¬ 
time-power  grants  to  regional  sta¬ 
tions,  have  recently  announced  new 
five  kilowatt  models.  And  with  the 
Federal  Communications  Commission 
known  to  be  considering  a  general 
upping  of  broadcast  powers,  new 
fifty  and  five  hundred  kilowatt, 
models  are  anticipated. 

These  new  transmitters  definitely 
mark  a  new  step  in  transmitter  ad¬ 
vance.  Their  general  characteristics 
— as  an  indication  of  the  trend  in 


Tube  unit  fur  S  kw  amplifirr. 
Ciranrut,  wt*ll  dettiinirH  ron- 
Ktrurtion 


Power  amplifirr  and  output  rir> 
ruit — tuninft  control  (at  tup) 
operated  by  key  prevents  inad¬ 
vertent  detuninK 


Small  nixed  antenna  unitn  to  replare 
unwieldy  and  Keparately-muunted  rum- 
ponentn,  and  remove  neeennily  of 
antenna  tuninx  house 
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transmitter  development  —  are  thus 
of  special  interest  and  importance  not 
only  in  the  broadcasting  industry, 
but  also  in  the  allied  communica¬ 
tion  fields. 

In  the  field  of  constructional  de¬ 
sign  especially  the  changes  evinced 
are  not  just  improvements  of  degree 
but  in  most  instances  completely  new 
innovations — some  of  them  destined 
to  revolutionize  old  ideas  of  trans¬ 
mitter  construction.  Not  only  are 
the  advances  pronounced  but  their 
promise  of  further  development  is 
greater,  and,  therefore,  of  im¬ 
portance  as  an  indication  of  future 
trends.  Moreover,  the  increased  re¬ 
liability  and  convenience  which  they 
emphasize  are  advantages  closer  to 
the  everyday  work  of  the  average 


broadcasting  engineer  or  operator. 

Most  striking  of  the  features  com¬ 
mon  to  all  of  the  new  transmitters 
is  the  cabinet-style  construction. 
This  method  of  assembly  has  been 
used  for  .several  years  in  low-jiower 
transmitters,  and  has  been  found  so 
advantageous  and  popular  that  it  has 
now  been  adopted  for  all  powers  up 
to  5  kw.  Primarily  it  is  made 
possible  by  the  elimination  of  the 
front  panel  as  a  determining  factor 
in  the  mechanical  assembly,  ac¬ 
complished  largely  by  the  use  of 
flexible  couplings  between  variable 
components  and  their  associated 
panel  controls.  Such  an  arrange¬ 
ment  makes  it  possible  to  group  all 
tuning  controls  on  small  centralized 
panels,  thus  leaving  the  greater  part 
of  the  front  available  for  doors. 
The.se  large  door.s — .secured  by  in¬ 
stantly-released  catches  —  j)rovide 
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.\*-H  5  kn.  .K.  traiiMiiitIfr  «»f  rabinet  doign 


1  lining  ni«‘l«‘r;i  and  control 


f:roii|M-d  to  alloH  nio!>t  «>!'  front  for  door  •>|tact 


Self-contamed  Units 


The  cabinet-type  construction  of 
these  transmitters  has  not  been 
limited  to  appearance.  The  tendency 
is  to  make  each  cabinet  an  intejrral 
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r.a|»aritor  <»f  lo%»-p€>Herro  amplinrr  f»h4»wing 

imnrovrH  mt^haniral  nin^trurtion  of  the  nr^  tran«mittrT> 


easy  access  to  tubes,  relays,  circuit  over,  this  front-ol'-the-i>anel  access 
breakers  and  all  components  which  has  advanta^'es  in  the  placinjr  of  the 
may  reciuire  inspection  with  an  ob-  transmitter.  For  instance,  it  allows 
vious  increase  in  accessibility  over  the  various  units  to  be  placed  side  by 
older  models,  in  which  side  panels —  side  and  (piite  clo.se  to  the  rear  wall 
secured  by  literally  dozens  of  thumb  of  the  room.  Or  they  can  be  built 
.screw.s — had  to  be  removed.  More-  into  the  wall,  a  type  of  installation 


which  is  becominjr  quite  popular  now. 

The  new  cabinet-style  units  have 
also  had  an  important  effect  in  lend- 
in>r  impetus  to  the  trend  toward  im¬ 
proved  appearance.  The  centralized 
controls,  replacinjf  the  former  hodjre- 
pod^e  of  irregularly  placed  and 
awkward-looking  dials,  result  in  a 
vast  advance  in  this  respect,  dieters, 
similarly,  have  been  grouped,  the 
common  arrangement  being  to  mount 
them  on  forward-sloping  illuminated 
panels  at  the  top  of  the  cabinet.  In 
one  instance,  at  least,  the  idea  has 
been  carried  out  to  the  point  of  using 
the  new  square-type  meters.  The 
pleasing  effect  of  these  centralized 
metering  and  control  panels  has  been 
accentuated  by  proportioning  them, 
as  well  as  the  doors,  grill  work,  and 
the  like,  along  lines  of  dynamic 
symmetry.  Finally,  designers  have 
abandoned  the  old  flat  black  in  favor 
of  pleasing  and  practical  shades  of 
lighter  colors.  The  element  of  the 
show  business  in  broadcasting  makes 
this  matter  of  api)earance  more  im¬ 
portant  than  in  other  communication 
fields. 
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unit.  Thus  each  is  an  exciter,  ampli¬ 
fier,  rectifier,  tuning,  or  control  unit, 
complete  in  itself.  Moreover,  the 
units  have  been  carefully  planned  so 
that  power  increases  will  require 
little  or  no  change  in  the  units  pre¬ 
viously  installed.  But  even  more 
important  from  the  constructional 
viewpoint  is  the  tendency  to  make 
these  units  as  nearly  self-contained 
as  possible.  In  the  low-power  units 
this  has  been  accomplished  to  the 
fullest  degree,  and  for  powers  up  to 


1  kw.  there  are  no  parts  whatsoever 
external  to  the  main  units.  In  the 
5-kw.  transmitters  it  has  not  been 
possible  to  accomplish  this  com- 
jdetely,  but  even  here  the  number  of 
external  units  has  been  sharply  re¬ 
duced.  In  one  of  the  5-kw.  trans¬ 
mitters  the  plate  transformer, 
blower-pumps  unit  and  line  switch 
are  the  only  components  external  to 
the  main  units.  This  self-contained 
type  of  construction  greatly  simpli¬ 
fies  installation  and  reduces  in¬ 
stallation  co.sts.  Moreover,  equij)- 
ment  is  more  easily  and  more  com¬ 
pletely  tested  in  the  factory,  and  the 
assurance  of  obtaining  factory  per¬ 
formance  in  the  field  is  greatly  in¬ 
creased. 

Sew  R-F  Co)iiitrncti())i 

The  features  of  the.se  new  trans¬ 
mitters  so  far  mentioned  have  been 
those  which  are  outwardly  evident. 
Equally  important  constructional 
changes  are  apparent  in  interior  as- 
.semblies.  Although  the  r-f  circuits, 
for  in.stance  differ  but  little  elec¬ 
trically  they  show  quite  radical 
changes  in  mechanical  design.  They 
indicate  a  growing  realization  that, 
“all  that  is  radio  is  not  electrical.” 
Under  this  heading,  for  instance, 
comes  the  complete  elimination  of 
the  use  of  wood  for  support  or  in¬ 
sulation.  Metal,  mycalex,  isolantite 
and  other  ceramic  materials  are  now 
used  exclusively,  and  some  of  the 
new  r-f  constructions  achieved  with 
these  materials  are  quite  remarkable. 
The  use  of  flexible  tuning  shafts  has 


lent  much  incentive  to  these  new 
constructional  designs,  for  variable 
components,  no  longer  restricted  by 
rigid  panel-couplings,  can  now  be 
located  without  regard  to  front  jianel 
lay-out.  Not  only  are  connections 
shortened  and  circuit  construction 
simplified,  but  a  considerable  saving 
of  space  is  made  possible,  since  in¬ 
dividual  shielding  of  stages  is  now 
easily  accomplished  with  small  shield 
boxes.  Still  other  advances  in  r-f 
circuit  construction  result  from  the 
use  of  newly  developed  components. 
In  o.scillator  design,  for  example,  low- 
temperature-coetticient  cry.stals  make 
po.ssible  greatly  simplified  tempera¬ 
ture-control  systems.  Similarly,  in 
higher-power  units  the  use  of  i)res- 
sure  conden.sers  which  reduce  space 
requirements  has  led  U-  completely 
new  designs. 

Ilnilt-iip  Atitenna  I'nitx 

In  the  antenna  coupling  and 
tuning  systems  there  are  changes 
similar  to  those  in  the  r-f  stages, 
plus  certain  others  intended  to  re¬ 
duce  the  amount  of  harmonic  radia¬ 
tion. 

The  addition  of  static  shields, 
harmonic  filters  and  other  suppres¬ 
sive  devices,  together  with  the  neces¬ 
sity  of  better  balance  in  output 
circuits  has  resulted  in  new  and  im¬ 
proved  mechanical  design  of  the 
output  -  coupling  systems  employed. 
Another  constructional  change  in¬ 
tended  to  improve  performance  is 
provision  for  use  of  a  concentric 
transmission  line  to  the  antenna.  In 
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the  antenna  eouplin^r  unit  itself, 
similar  constructional  chanjres  have 
bt*en  made  and,  to  simplify  and 
cheapen  installation,  these  units  have 
t)een  mounted  in  ,steel  boxes  which 
can  be  mounted  on  a  pole,  thus  elimi- 
natinjr  the  necessity  for  buildinjr  an 
antenna  tuninjr  house. 


definite  recent  trends.  In  early  5- 
kw.  designs  fne  or  six  units  were 
nearly  always  used,  and  more  in 
.some  cases  i)articularly  where 
duplicates  of  .some  of  the  machines 
were  considered  necessary.  In  re¬ 
cent  years  rectifiers  have  completely 
replaced  motor-^'enerators  as  a  plate 
sujiply  .source.  The  new  transmit¬ 
ters  >ro  a  step  further  in  that  they 
eliminate  all  bias  machines.  In  one 
transmitter  a.c.  is  u.sed  on  all  fila¬ 
ments  and  the  hum  balanced  out  in 
the  input.  The  blower-pump  motor 
is  the  only  rotating  machine  u.sed 
with  this  transmitter.  In  another 
tran.smitter  shown  only  two  small 
machines — for  filament  and  rectifier 
air-blower  —  are  used.  Even  the 
latter  is  a  very  considerable  reduc¬ 
tion  over  the  number  of  machines 
always  u.sed  before.  It  would  ap¬ 
pear  that  the  day  is  not  far  di.stant 


('ollirm  1  kw  tranomittfr  for  amateur,  government, 
polire  or  other  high  frequeney  channel.  mii«ir- 
frequeney  modulated 


Interior  of  ne»*  exciter  unit.  Note  !>mall  rr>«tal 
ronirol  unit,  individually  >.hielded  R-f  otagen,  celf 
contained  power  Huppiv 


Fewer  liotating  Mtichines 

Reduction  in  the  number  of  rotat- 
injr  machines  is  one  of  the  most 


when  hijjh-power  transmitters  will 
have  no  moving  parts  and  will  be  al¬ 
most  as  easily  installed  as  a  broad¬ 
cast  receiver. 


Simplification  oi  the  power  supply 
sources  is  also  apparent  in  the 
rectifiers.  For  powers  up  to  1  kw. 
these  are  now  built  into  the  tran.s¬ 


mitter  units,  and,  in  the  case  of  the 


rectifiers  for  the  higher  power  trans¬ 
mitters.  are  units  in  them.selves. 
The  tendency  appears  to  be  to  mount 
the  filter  conden.sers  and  chokes,  the 
voltage  regulator  and  other  units  of 
the  rectifier  as  integral  parts  of  the 
main  rectifier  assembly,  thus  reduc¬ 
ing  the  number  of  separately 
mounted  parts  simplifying  and 
cheapening  the  installation.  Another 
marked  tendency  is  the  use  of  a 
larger  number  of  small  rectifier 
tubes  in  place  of  a  few  larger  tubes. 
Six  and  twelve  tubes  are  used  on  the 
5-kw.  transmitters  in  place  of  three 
as  formerly.  The  small  tubes  pro¬ 
vide  a  cheaper  tube  line-up  and,  be¬ 
ing  less  critical  as  to  ambient 
temperatures,  can  be  more  simply 
mounted.  Time-off  due  to  rectifier 


Antenna  coupling  and  tuning  equipment  in  weatherpr<M>f  box  for  tube  failures  is  likely  to  be  less  than 

pole  mounting.  Box  in  lower  corner  contains  monitoring  rectifier  before,  due  tO  the  fact  that  all  of  the 
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new  rectifier  designs  feature  in¬ 
dividual  arcback  (reverse  -  current) 
indicators  for  each  tube,  thereby  pro¬ 
viding  practically  instantaneous  loca¬ 
tion  of  tube  failure. 

Automatic  Control  Circuits 

The  control  systems  of  a  trans¬ 
mitter  lie  in  a  quasi-defined  field 
between  electrical  and  mechanical 
design.  However,  no  discussion  of 
the  constructional  features  of  the 
new  broadcast  transmitters  would  be 
complete  without  some  reference  to 
control  changes  leading  to  more- 
automatic  operation,  increased  con¬ 
venience,  and  greater  safety.  They 
increase,  rather  than  decrease,  the 
complexity,  however.  For  example, 
more  relays  are  provided  so  that  the 
necessary  delays  between  application 
of  all  voltages  are  automatically 
timed  and  sequenced.  More  meters 
and  indicating  lights  are  provided  to 
locate  more  easily  sources  of  failure. 
These  indicating  lights  as  well  as 
relays,  circuit  breakers  and  the  like 


external  piping  by  flexible  metal 
hose  or  lead  pipe  with  standard 
fittings  being  used  at  all  connections. 
Thus  are  eliminated  the  impurities 
which  formerly  got  into  the  water 
from  the  rubber,  recurring  leakage 
at  ho.se  connections  and  the  constant 
danger  of  breakdowns  ditficult  to 
rei)air  in  a  hurry.  To  long-sutfering 
engineers,  who  have  often  thought 
their  struggles  with  these  ditficul- 
ties  would  never  end,  this  will  be  the 
greatest  boon  of  all.  Moreover, 
having  removed  one  of  the  primary 
causes  of  water  impurity,  the  other, 
viz.,  electrolysis  with  consequent 
scale  formation,  has  also  been  prac¬ 
tically  eliminated  by  making  the  re¬ 
mainder  of  the  water-cooling  circuit 
entirely  non-ferrous.  This  has  been 
accomplished  by  using  copper  instead 
of  iron  storage  tanks,  bronze  water 
I)umps,  and  coi)i)er  pipe  for  all  inter¬ 
mediate  connections.  The  cooling 
.systems  thereby  formed  can  u.se  dis¬ 
tilled  water,  since  leakage  is  small 
and  replacement  seldom  recjuired. 


Tank  and  oulpiil 
oouplinfc  circuit 
of  5  kw  amplifier 
of  metal,  mycalex, 
isolantite  c  o  n  - 
•itruction 


coupling  arrangement  which  shorts 
the  high  voltage  supply  when  the 
door  leading  into  the  rectifier  com¬ 
partment  or  room  is  opened. 

Another  of  the  design  advances 
incorporated  in  these  new  broadcast 
transmitters  is  the  improvement  in 
the  water-cooling  systems.  Most 
outstanding  is  the  substitution  of 
porcelain  reels  for  the  rubber  hose 
reels  formerly  used  to  isolate  the 
tube  cooling  jackets.  These  are  con¬ 
nected  with  the  tube  jackets  and  the 


Finally,  the  leakage  meters,  flow  in¬ 
terlocks  and  temperature  indicators 
(always  likely  breakdown  points) 
are  of  new  types  greatly  improved 
mechanically  as  well  as  electrically. 
The  overall  result  of  the.se  numerous 
improvements  in  the  water-cooling 
sy.stem  is  an  extraordinary  increase 
in  reliability.  Added  to  similar  ac¬ 
complishments  at  other  points  this 
guarantees  that  cost  of  time  lost,  re¬ 
placements  and  servicing  will  be  only 
a  fraction  of  that  with  older  models. 


are  now  centralized  in  location.  In 
both  RCA  and  WE  tran.smitters 
practically  all  of  the  essential  ele¬ 
ments  of  control  are  centralized  in 
easily- reached  positions  just  inside 
one  pair  of  the  front  doors.  Con¬ 
forming  to  new  ideas  of  safety  re¬ 
quirements  additional  precautionary 
devices  have  also  been  incorporated. 
The  tendency  is  to  provide  a  me¬ 
chanical  system  to  parallel  and 
supplement  the  electrical  interlock 
system.  One  such  device  is  a 
gravity-ojie rated  switch  which  short 
circuits  the  high  voltage  supply  in 
case  of  any  failure  of  the  interlock 
circuit.  Another  is  a  mechanical 


l*orr*‘lain  r  I  ^ 
and  fillingfi  re- 
plaring  r  u  b  h  «■  r 
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A  New  Solar  Radio  Disturbance 


Every  54  days,  approxiinutely.  high-frequency  transmission  is  violently  affected 
for  a  comparatively  short  period.  Dr.  Dellinger  points  out  the  possible  cause  of  this 
new  ly-discovere<!  phenomenon 


UNIQUK  vatfaries  of  hiKh-fre- 
quency  radio  transmission  oc¬ 
curred  during?  the  past  year  at  ap¬ 
proximately  r)4-day  intervals.  The 
I)henomenon  is  a  wiping  out  of  radio 
signals  above  a  certain  frequency. 
The  evidence  indicates  that  in  each 
ca.se  it  occurred  over  the  entire  il¬ 
luminated  half  of  the  ^lobe.  In  most 
of  the  cases  it  was  a  sudden  di.sap- 
l>earance  of  hi^rh-frequency  lonjf- 
distance  radio  signals  for  .several 
minutes,  the  complete  process  of  fad¬ 
ing  out  and  reapi)earin>?  occupying 
but  15  minutes.  In  one  ca.se  it  was 
a  lowerinjf  of  the  upix?r  frequency 
limit  for  a  whole  day,  but  not  to  such 
low  values  of  frequency.  In  none  of 
the  cases  was  transmi.ssion  at  the 
ordinary  broadcast  freciuencies  af¬ 
fected. 

In  June  I  received  a  letter  from 
Dr.  R.  Jouaust,  Secretary  of  the 


By  J.  H.  DEI.LINdEK 

Chief,  Radio  Section. 

Xational  Bureau  of  Standards 

French  National  Committee  of  the 
International  Scientific  Radio  Union, 
transmitting  the  following  statement 
from  Mr.  Gamier,  of  the  Compagnie 
Radio-France:  “I  wish  to  inform  you 
that  a  general  fading  was  ob.served 
at  Villecresnes  on  all  our  short  wave 
receptions  on  May  12,  1935,  from 
1157  to  1215  GMT.  The  fading 
came  suddenly;  reception  disap¬ 
peared  in  three  minutes  and  then  re¬ 
appeared  slowly  after  a  few  minutes, 
resuming  its  fomier  value  at  the 
time  indicated  above.”  Dr.  Jouaust 
iiujuired  whether  a  similar  phe¬ 
nomenon  was  ob.served  in  the  United 
States.  Ui)on  inquiry,  I  learned  from 
Mr.  L.  Esi)enschied  that  transatlantic 


high-frequency  radio  telephone  re¬ 
ception  had  entirely  faded  out  at  the 
New  Jersey  receiving  station  of  the 
A.T.  and  T.  Co.,  from  1156  to  1214 
GMT  on  May  12.  I  also  learned  from 
Mr.  H.  H.  Beverage  that  all  signals 
from  Europe  and  South  America  had 
similarly  di.sappeared  at  the  River- 
head,  N.  Y.,  receiving  station  of  RCA 
Communications  Inc.,  from  1200  to 
1215  GMT  on  May  12.  Nothing  of 
this  kind  occurred  at  the  Pacific 
coast  receiving  station  of  the  two 
companies. 

I  subsequently  received  reports, 
through  the  courtesy  of  the  gentle¬ 
men  mentioned,  of  a  similar  fadeout 
that  had  occurred  on  March  20  at 
0150  to  0205  GMT,  and  of  one  that 
occurred  on  July  6  at  1409  to  1425 
GMT.  The  engineer  in  charge  of  the 
RCA  Riverhead  station  reported  that 
the  July  6  fadeout  “was  so  sudden 
and  unexpected  it  was  at  first  be¬ 
lieved  that  a  voltage  break  had  oc¬ 
curred”  in  the  station. 

The  startling  agreement  as  to  the 
time  at  which  each  fadeout  occurred 
at  widely  separated  points  invited 
careful  study.  I  found  that  on  each 
occasion  the  fadeout  occurred  simul¬ 
taneously  at  all  reported  points  on 
the  half  of  the  globe  which  was  il¬ 
luminated  by  the  sun,  and  did  not 
occur  at  any  of  the  reported  points 
on  the  dark  half.  I  also  noted  that 
the  times  were  separated  by  approxi¬ 
mately  53  and  55  days.  This  is  twice 
the  recurrence  period  of  terrestrial 
magnetic  di.sturbances  and  twice  the 
time  of  rotation  of  one  portion  of 
the  surface  of  the  sun.  I  therefore 
suggested  to  my  correspondents  that 
special  watch  be  maintained  for  a 
repetition  of  the  occurrence  during 
August  28  to  30.  It  put  in  its  ap¬ 
pearance  August  30  at  2320  to  2335 
GMT,  the  fadeout  not  being  so  com¬ 
plete  but  being  again  limited  to  the 
illuminated  side  of  the  globe. 

[Continued  on  page  541 


Strikina  data  on  the  54-dav  fading  effect 
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R-f  Transition  Losses 


R-f  losses  due  to  impedance  mis-matching  may  he  evaluated  hy  the  graphical  method 
presented  here;  the  design  of  a  matching  network,  for  minimizing  the  loss  thus  iiuurred. 
may  he  developed  using  the  charts  on  the  next  following  page. 


IN  the  design  of  transmission  lines, 
filters,  amplifiers  and  other  com¬ 
munication  networks,  there  is  al¬ 
ways  the  problem  of  matching  im¬ 
pedances  at  the  junction  of  sending 
and  receiving  circuits.  The  maxi¬ 
mum  pow’er  transfer  occurs  w’hen 
the  two  circuits  have  equal  resis¬ 
tance  and  zero  (or  equal  and  oppo¬ 
site)  reactance.  Any  departure 
from  this  condition  is  said  to  cause 
a  transition  loss  relative  to  the  maxi¬ 
mum  power  transfer.  This  article 
presents  formulas  and  a  simple 
chart  for  determining  the  transition 
loss  at  the  junction  of  two  impe¬ 
dances,  caused  by  the  mismatching 
of  resistance  and  the  presence  of 
reactance. 

Table  I  gives  the  meaning  of  two 
parameters,  U  and  V,  as  applied  to 
the  mismatching  of  two  impedances, 
one  of  which  is  a  pure  resistance. 
See  Diagrams  A  and  B  in  the  chart 
opposite.  The  real  component  of 
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the  impedance  ratio  is  V  and  the 
imaginary  component  is  V.  Perfect 
matching  is  indicated  when  =  1 
and  V  =  O.  Otherwise  the  p>ower 
transfer  is  less  than  the  maximum, 
in  the  ratio 

1  4r 

—  =  -  '  1) 

./  (1  +  rv-  + 

This  power  ratio  is  a  loss  prefer¬ 
ably  expressed  in  decibels. 

Any  given  value  of  the  power  loss 
can  be  caused  by  various  combina¬ 
tions  of  U  and  V.  All  such  combi¬ 
nations  form  a  curve  on  the  U,  V 
plane,  one  curve  for  every  value  of 
A.  The  family  of  curves  is  repre¬ 
sented  by  the  above  equation,  which 
may  be  rewritten 

[6’  — (2./  —  I'll*  +  n  =  (2.-/  —  IP  -  -  1 

(2) 


For  each  value  of  .4,  this  equation 
represents  a  circle  whose  center  is 
at  the  point 

r  =  (2./—  1 1.  /■  =  0  '  p 

and  who.se  radius  is 

v/T2./  li*  I  4' 

The  maximum  and  minimum  values 
of  U  are 

( 2 . /  —  D  =*=  X  ( 2.7^  1  ^ 

The  maximum  value  of  V  is  equal 
to  the  radius  (4). 

The  pha.se  angle  4>  of  the  reactive 
impedance  is  also  defined  in  Table 
1.  For  each  value  of  A,  this  angle 
has  a  maximum  value  determined  by 
the  relations 

1 

I'-  4-  f'  =  1;  cos  </>  =  —  ((') 

2.7  -  -  I 

The  latter  expre.ssion  is  also  the 
minimum  value  of  the  power  factor 
of  the  reactive  impedance,  for  a 
given  value  of  the  power  loss. 

The  above  values  have  been  used 
in  drawing  the  chart  on  the  oppo¬ 
site  page.  Each  circle  is  drawn 
about  U  (center)  with  a  radius  of 
V’’  (max.). 

The  chart  shows  graphically  the 
relations  between  the  trf.nsition  loss 
and  the  circuit  parameters.  The 
following  relations  appear  from  the 
chart  and  the  above  formulas. 

(a)  The  product  of  U  (max.)  and 
U  (min.)  is  unity,  so  that  these 
values  are  mutually  reciprocal. 

(b)  Any  straight  line  through  the 
origin  represents  a  certain  phase 
angle  of  the  reactive  impedance. 
Such  a  line  intersects  any  given  cir¬ 
cle  (if  at  all)  at  two  points  whose 
di.stances  from  the  origin  are  mutu¬ 
ally  reciprocal.  Since  the  distance 
from  the  origin  to  a  point  is  the 
absolute  value  of  the  corresponding 
impedance  ratio,  interchanging  the 
impedances  does  not  affect  the  loss. 

[Continued  on  page  46] 
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Table  I 

The  table  below  defines  the  parameters  U  and  V  when  a  pure  resistance  is  matched 
with  an  impedance.  The  loss  in  db.  caused  by  the  mismatch  can  be  found  by  locat¬ 
ing  the  point  on  the  chart  corresponding  to  U  and  V  in  the  particular  case  under 
consideration. 


Case  I 

Case  II 

Case  III 

Case  IV 

U  ^  jV  = 

Z 

R. 

Y 

G. 

R. 

Z 

G. 

Y 

R 

G 

u  = 

R 

R. 

C 

G. 

R. 

G. 

(4:y*(xT 

X 

B 

±  V  — 

X 

R. 

B 

G. 

R. 

(4ry*(x)' 

G. 

X 

X 

B 

B 

R 

R 

G 

G 

NOTE:  Case  I  and  II  refer  to  the  diagram  A  in  the  chart  on  the  opposite  page. 
Case  III  and  IV  refer  to  diagram  B. 
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Transition  Loss  Chart 


»Z  =  R+jX 

JB 

1— o  o— 

(For  Cotses 
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Summary  of  Formulae 
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‘ABLE  1 


Fig. 3 

•-AS  F  *^1  •-  B 
Ca<  =  K,  Ca 


Harmonic 

Xt 

Kj 

2nd 

0.333 

0.75 

3rd 

0.12  5 

0.889 

k  - 

-N* 

1-N^ 

K2  - 

n2 

Where  N  is  the  order  of  the 
harmonic  (2  for  2nd,  3  for  3rd  etc) 


(T)  X  =VRo  RL(Fig.2)  then  compute ; 

Ca=  Cc  =  farads;  *-8"  ~  henries 

Where  u>  '  2.;r  f  j  f=  carrier  frequency 
(2)  Eq  =  VR  o  W  &  E  where  W=  network  input  in  watts  (Fig. 2) 

^  o  E  ^ 

I A  ■  ~y^  i  ^  c  “  rn.s.  ampere  s  (  compute  )  (For  carrier  peak  values, multiply  E&Iby  1.414) 

(For  100  per  cent  mod.  peak  values,  multiply  E&I  by  2.  828) 

Ib=v'Ia^*  I|  (compute)  -  /-v  ;  1 

1b  =Vli.+  Ic  I 

.II  =  Ia,Io  =  IcJ 

(4)  For  very  high  harrnonic  attenuation,  replace  or  Co  or  both  by  series  indi,jctance  and 
capacity,  rcsonanratthc  harmonic,  but  presentinq  a  condensive  reactance  of  X  ohms 
at  carrier  frequency  asshowninFig.  3 
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R-f  Impedance-matching  Networks 

Data  for  the  desijrn  of  pi-section  networks  nse<l  in  matching  transmitters  to  antennas 
ami  in  similar  prol)lems  l)y  which  the  losses  treate<i  in  Mr.  W  heeler's  chart  may  he  minimized 


THK  problem  of  etliciently  con¬ 
necting  two  circuits  of  different 
imi)edances  arises  fre(;uently  in  r-f 
transmission  desi^'n.  At  radio  fre- 
(piencies  the  impedance  match  can 
he  accomplished  with  hijrh  efficiency 
by  means  of  a  network  of  inductive 
and  capacitive  elements. 

Kveritt  has  pointed  out  that  the 
l)i-section  low-pass  network  is  pref¬ 
erable  in  most  cases  because  of 
its  harmonic  reducing  properties, 
and  that  the  most  efficient  desij;n  is 
obtained  by  makin>f  the  network  a 
symmetrical  structure  which  is  the 
ecjuivalent  of  a  (juarter-wave  line. 

Such  a  network  is  shown  in  Fi^r.  1 
on  the  opposite  pajre.  It  consi.sts  of 
an  inductance  in  .series  with  the  line 
and  shunt  conden.sers  at  input  and 
output.  The  inductor  is  i)referably 
adjustable  by  means  of  a  clip  or 
taps.  The  input  and  output  con- 
den.sers  should  In?  variable  over  a 
ranjre  above  and  below  the  computed 
value  to  take  care  of  normal  terminal 
impedance  variations  and  to  allow 
exact  adjustment  under  oi)eratinff 
conditions.  In  practical  design  prob¬ 
lems,  it  is  obviously  imiwrtant  to  de¬ 
termine  the  network  voltages. 

Example 

Desifrn  a  network  to  couple  a  500- 
ohm  transmitter  output  to  a  70-ohm 
concentric  transmission  line.  The 
power  is  1,000  watts  at  1,000  kc. 

( 1 )  Determine  the  network 
branch  reactances.  For  the  quarter- 
wave  type  all  three  branches  have 
numerically  the  same  reactance.  In 
Fijr.  2,  the  intersection  of  a  70-ohm 
load  with  a  500-ohm  source  j?ives  a 
reactance  of  187  ohms. 

(2)  Compute  the  inductance  and 
capacitance  necessary  to  give  this 
reactance  at  carrier  frequency. 

.Y  IS7 

/.«  = -  =  - =  29.»nh. 

u  2t  X  1  X  10* 

I  1 

Ct  =  Cc  = _ = _ _ _ _ 

to  A'  2t  X  1  X  10»  X  187 
=  852mm/' 
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It  is  good  practice  to  make  Ln 
about  25';(  larger  than  the  computed 
value,  say  .'15  microhenries,  and  ad- 
ju.st  to  the  exact  value  recjuired  by 
means  of  a  short-circuiting  clip.  The 
shunt  conden.ser  elements  should 
have  an  available  total  capacity  of 
approximately  1,000  micromicrofa- 
rads  each. 

(.3)  Determine  the  current  and 
voltage  ratings  of  the  condensers 
and  the  current  in  the  inductive 
branch. 

The  impedance  looking  into  the 
input  terminals  of  the  network  un¬ 
der  working  conditions  is  a  resist¬ 
ance  of  500  ohms.  For  a  power  of 
1,000  watts  the  corresponding  R.M.S. 
voltage  is  obtained  from  Fig.  2  at 
the  intersection  of  the  line  for  500 
ohms.  Thus  E,,  =  707  volts,  R.M.S. 
Assuming  lOO^o  efficiency  (ap¬ 
proached  in  well-designed  networks 
at  moderate  frequencies)  Ei,  is  simi¬ 
larly  determined  from  Fig.  2  by  in¬ 
terpolation  as  270  volts  R.M.S.  for 
an  impedance  of  70  ohms. 

Eo  707 

/)  =  =  =  5  78  amp.  R.M.S. 

.V  187 

El  2(.5 

/r  =  =  =  1  42  amp.  R.M.S. 

A'  187 

/  H  =  \  /  i-  -J-  / <•■  =  4  04  amp.  R.M.S. 

It  is  important  to  remember  that 
the  voltages  and  currents  given 
above  are  R.M.S.  carrier  values; 
components  with  adequate  safety 
factors  for  peak  modulation  condi¬ 
tions  should  be  selected. 

(4)  Design  of  high  harmcmic- 
attenuation  shunt  branch.  Suppose 
it  is  desired  to  produce  very  high  at¬ 
tenuation  at  the  second  harmonic 
without  altering  the  properties  of 


the  network  at  carrier  frequency. 
We  can  replace  Ca  by  a  series  com¬ 
bination  resonating  at  second  har¬ 
monic  but  presenting  a  net  conden- 
sive  reactance  of  X  ohms  for  carrier 
frequency.  Referring  to  Fig.  3  and 
the  table  for  A',  and  A',. 

L,s  =  KJ.h  =  0  .bv'  X  2<>.8  = 

Cis  =  K:C^  =  0  75  X  852  =  o.'O  mm.'- 

The  carrier  component  of  current 
through  the  composite  branch  is  the 
.same  as  that  already  computed  for 
the  simple  shunt  condenser  case.  The 
carrier  component  voltage  across 
C AS  is  therefore: 

/, 

E,  =  /,  .Vr.  = . 

wC  I  .-i 

.5 . 78 

f.  28  X  1  X  10*  X  0.50  X  10 
=  94.5  Volt.s  R.M.S. 

It  is  usually  sufficient  to  base  the 
design  on  carrier  frequency  condi¬ 
tions  and  allow  a  generous  factor  of 
.safety  (for  peak  conditions)  in  de¬ 
termining  the  ratings  of  components. 

If  it  is  desired  to  make  the  net- 
w'ork  balanced  to  ground,  this  may 
readily  be  accomplished  by  dividing 
Lh  into  two  equal  inductors  and  in¬ 
serting  one  inductor  in  each  side  of 
the  line. 

The  possibilities  of  short  and  open 
circuit  conditions  should  be  con¬ 
sidered  and  appropriate  protective 
measures  adopted  where  required. 

It  has  been  assumed  that  both 
generator  and  load  impedances  are 
pure  resistances,  a  condition  closely 
approached  in  many  practical  prob¬ 
lems.  Where  the  terminating  im- 
I>edances  involved  have  reactive  com¬ 
ponents,  these  components  can  often 
be  neutralized  by  inserting  series 
reactance  of  opposite  sign. 

When  the  network  is  used  for 
coupling  an  electronic  amplifier  to 
its  load  the  network  is  designed 
exactly  as  indicated  in  the  chart,, 
except  that  Ro  is  taken  as  the  im¬ 
pedance  required  for  proper  loading 
of  the  amplifier  output. 
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Output  Transformer  Response 


Leakaiie  iinluctance  is  tlie  important  frequenrvMlettMiniiiinj;:  factor.  W  litm  this,  as 
well  as  the  turn-ratio  and  the  primary  ami  secondary  resistances  are  known,  the  frequency 
characteristic  mav  he  calculated 


The  frequency  ran^e  of  an 
ordinary  Class  A  power  ampli¬ 
fier  depends  primarily  upon  the  pri¬ 
mary  and  leakage  inductances  of  the 
transformer.  The  typical  frequency 
response  curve  of  such  a  transformer 
is  characterized  by  a  falling  oIT 
at  low  frequencies  because  of  the 
shunting  effect  of  the  primary  in¬ 
ductance.  and  a  falling  off  at  high 
frequencies  because  of  the  voltage 
consumed  by  the  leakage  inductance. 

It  is  the  purpose  of  this  paper  to 
show  how  the  frequency  response 
can  be  accurately  predicted  by  cal¬ 
culation.  and  to  discuss  the  factors 
controlling  the  frequency  range. 

Eqidvulent  Circuits 

For  purposes  of  calculation,  the 
output  stage  can  be  represented  by 
the  equivalent  circuits  shown  in 
Fig.  2.  The  actual  circuit  is  shown 
at  (a),  while  practical  equivalent 
circuits  in  which  the  tube  has  been 
replaced  by  a  generator  acting  in 
series  with  a  plate  resistance  are 
shown  at  (b)  and  (c).  Figures 
2(d),  2(e),  and  2(f)  give  modifica¬ 
tions  of  (c)  that  apply  to  limited 
frequency  ranges.  In  these  equiva¬ 
lent  circuits  it  will  be  noted  that  the 
transformer  is  taken  into  account  by 
the  primary  inductance  Lp,  the  leak¬ 
age  inductances  L,  and  L,,  the  pri¬ 
mary  and  secondary  copper  re¬ 
sistances,  and  a  transformation  ratio 
w.  Distributed  capacities  have  been 
omitted  because  they  are  associated 
with  low  resistances  and  therefore 
have  negligible  effect  at  audio  fre¬ 
quencies.  Core  loss  has  likewise 
been  neglected  because  with  normal 
transformer  proportions  it  has  little 
effect  on  the  frequency  response. 
Since  the  plate  resistance  of  the  tube 
and  the  primary  resistance  of  the 
transformer  are  in  series  they  can 
be  conveniently  lumped  together  to 
form  an  effective  plate  resistance 
Rp'.  Likewise,  the  load  and  trans- 
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former  secondary  resistance  can  be 
lumped  to  form  an  effective  load 
resistance  A*/'. 

A  push-pull  output  stage  has  the 
equivalent  circuit  shown  in  Fig.  1. 
The  result  is  seen  to  be  the  same  as 
Fig.  2(b)  except  that  the  plate  re- 
si.stance  is  now  twice  that  of  a  single 
tube.  A  separate  analysis  for  the 
push-pull  case,  therefore,  is  not 
needed. 


Fig.  1 — Circuits  for  push-pull  am¬ 
plifier.  ISnie  the  correspondence 
between  Fig.  1  (h)  and  Fig.  2  (b) 


The  equivalent  circuit  of  Fig. 
2(c)  can  be  further  simplified  if  one 
considers  only  a  limited  frequency 
range.  Thus  Fig.  2(d)  applies  at 
low  frequencies,  where  the  leakage 
inductance  has  negligible  reactance, 
while  Fig.  2(f)  can  be  used  at 
high  frequencies  where  the  re¬ 
actance  of  the  primary  inductance 
has  negligible  shunting  effect.  Be¬ 
tween  these  extremes  the  frequency 
is  low  enough  for  the  leakage  in¬ 


ductance  to  have  very  little  effect, 
and  yet  high  enough  so  that  the 
shunting  action  of  the  primary  in¬ 
ductance  can  l)e  neglected,  resulting 
in  the  eiiuivalent  circuit  of  Fig.  2(e). 

i'lilculut ifiu  of  F rc(fucucij  Fcspousc 

The  simplified  equivalent  circuits 
of  Figs.  2(d),  2(e),  and  2(f)  are  the 
basis  for  analyzing  the  fre(juency 
respon.se  characteristics  of  output 
transformers.  Considering  first  the 
middle  range  of  frequencies,  the  out- 
l)Ut  voltage  to  l)e  expected  is  given 
by  the  equation  below  the  circuit  of 
Fig.  2(e).  Passing  now  to  low  fre- 
(luencies  and  Fig.  2(d),  a  little 
manipulation  of  the  equations  rep- 
re.senting  the  voltage  and  current 
relations  of  this  circuit  shows  that 
the  response  at  low  frequencies  is 
the  output  in  the  middle  range  of  fre- 
iiuencies  multiplied  by  the  factor 
1  \/ 1  -f  (A  A')^  where  A’  is  the  re¬ 
sistance  formed  by  the  effective  plate 
and  load  resistance.  A’/  and  Hi.',  in 
parallel,  and  X  is  the  reactance  of 
the  primary  inductance.  The  factor 
1  V 1 -|-  ( A’/A' ) '  is  plotted  in  Fig. 
4(a),  which  can  be  used  to  determine 
the  way  in  which  the  response  falls 
off  at  low  frequencies.  It  is  to  be 
noted  that  the  output  toltage  falls 
off  to  70.7  per  cent  of  ivs  maximum 
ti.e.  is  3  dl)  downi,  when  the  fre¬ 
quency  is  such  that  the  reactance 
of  the  primary  inductance  exactly 
equals  the  resistance  formed  by  the 
effective  plate  resistance  Rp'  in 
parallel  icith  the  effective  load  re¬ 
sistance  Ri.'. 

Solution  of  the  voltage  and  current 
relations  of  Fig.  2(f)  shows  that  the 
output  voltage  at  high  frequencies  is 
equal  to  the  output  at  the  middle 
range  of  frequencies  multipled  by  the 
factor  1/vT  +  (A^AT,  where  A" 
is  the  reactance  of  the  leakage 
inductance  and  R'  is  the  sum 
(Ap'-j-A//)  of  effective  plate  and 
plate  load  resistances.  The  factor 
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Actual  Circuit 


@  Practical  equivalent  circuit  in  the  middle 
range  of  frequencies  reduced  to  unity  turn  re*tio 


(ytAn'^RL) 


\J  U(R/X)^ 


■f  f||n>R, 

A 

«-'|^n’RL  oEl 


Rp- 

Rp+  Rj 


Practical  equivalent  circuit  at  low 
frequencies  reduced  to  unity  turn  ratio 


n  E.  *  e. 


1  Rp*RL 


Vi*(x'/R’)* 


Practical  equivalent  circuit  at  high 
frequencies  reduced  to  unity  turn  ratio 


'  NOTATION 

//  =  amplification  factor  of  tube 

Rp  =  plate  resistance  of  tube  (in  a  pusb-pull  amplifier  Rp  is 
twice  the  plate  resistance  of  one  tube) 

Rl  =  d-c  resistance  of  primary  winding 
Rp*  =  Rp  +  Rl  =  effective  plate  resistance 
R2  =  d-c  resistance  of  secondary  winding 
Rl  =  load  resistance 

Rl'  ~  effective  load  resistance  reduced  to  unity  turn  ratio 
R  =  RL'RpV(RL'+  RpO  —  resistance  formed  by  Rp'  and  RL*  in  parallel 
R'  =  RL'+  Rp*  —  sum  of  effective  load  and  effective  plate  resistances 
n  =  step  down  voltage  ratio  =  ratio  of  primary  to  secondary  turns 
Lp  =  primary  inductance  with  appropriate  d-c  saturation 

1Ll  =  leakage  inductance  of  primary  winding 
L2  =  leakage  inductance  of  secondary  winding 

Li  =  Li  -f  nSL2  =  total  leakage  inductance  reduced  to  unity  turn  ratio 
X  =  ro  Lp  =  reactance  of  transformer  primary  inductance 
X  =tv  Li  =  reactance  of  transformer  leakage  inductance 
es  ~  input  voltage 
El  =  output  voltage 

j _ _ _ _ 


l  ^Vl  -j-  {X'/R'Y  is  plotted  in  Fi>r. 
1(b),  which  can  be  used  to  determine 
the  way  in  which  the  response  falls 
off  at  hijfh  frequencies.  It  ivill  be 
observed  that  the  output  voltage  at 
high  frequencies  falls  off  to  70.7  per 
cent  of  its  value  in  the  middle  range 
of  frequencies  (down  3  db)  when  the 


frequency  is  such  that  reactance  of 
the  leakage  inductance  is  exactly 
equal  to  the  resistance  formed  by  the 
equivalent  plate  resistance  Rp'  and 
equivalent  load  resistance  Rl  if' 
series. 

The  above  working  rules  and  Fig. 
make  it  a  simple  matter  to  cal- 


t'ig.  2 — Actual  and  equivalent  cir- 
cults  of  class  A  pouer  amplifier; 
equations  for  calculating  amplifi¬ 
cation 


culate  the  frequency  response  charac¬ 
teristic  of  a  Class  A  power-output 
.stage.  Results  obtained  in  this  way 
are  correct  within  a  few  i)er  cent 
with  ordinary  transformers,  as  a 
typical  comparison  between  cal¬ 
culated  and  e.xperimental  results 
will  show.  It  is  consequently  not 
necessary  actually  to  set  up  a  com¬ 
plete  power  amplifier  to  obtain 
the  frequency-response  curve.  All 
that  is  necessary  is  to  measure  the 
d-c  resistance  of  both  transformer 
windings,  determine  the  primary  and 
leakage  inductances,  and  obtain  the 
turn  ratio  (or  voltage  ratio).  With 
this  information  an  accurate  fre¬ 
quency  response  curve  is  easily  cal¬ 
culated  for  any  plate  and  load  re¬ 
sistance. 

The  turn  ratio  is  normally  given 
by  the  manufacturer,  while  the  d-c 
resistance  of  the  windings  can  be 
determined  using  any  of  the  com¬ 
mon  methods.  The  leakage  in¬ 
ductance  reduced  to  unity  turn  ratio 
is  the  inductance  measured  across 
the  primary  terminals  of  the  trans¬ 
former  with  the  secondary  terminals 
short  circuited.  This  is  most  readily 
obtained  by  means  of  an  ordinary 
bridge  at  1,000  cycles.  The  pri¬ 
mary  inductance  is  the  inductance 
across  the  primary  terminals  with 
the  secondary  terminals  open,  and 
must  be  measured  with  the  same  d-c 
current  in  the  winding  as  can  be  ex¬ 
pected  under  normal  operating  con¬ 
ditions.’ 


Importance  of  the  Leakage 
Coefficient 

Examination  of  the  factors  con¬ 
trolling  the  frequency  range  of  the 
transformer  show  that  what  is 
wanted  is  a  high  primary  and  a  low 
leakage  inductance.  The  ratio  Lf/Lp 
can  be  defined  as  the  leakage  co¬ 
efficient  of  the  transformer,  and  de¬ 
termines  the  ratio  of  the  maximum 
to  minimum  frequency  that  can  be 
covered  with  a  given  ratio  of  load  to 
plate  resistance.  All  transformers 
having  the  same  leakage  coefficient 
tvill  cover  the  same  number  of 
octaves  irrespective  of  the  plate  re¬ 
sistance  with  which  they  are  to  ivork. 
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provided  only  that  the  ratio  of  the 
effective  load  resistance  Rl  to  effec¬ 
tive  plate  resistance  Rp  is  kept  con¬ 
stant.  The  quantitative  relationship 
between  the  frequency  range  for  not 
more  than  3  db  drop,  and  the  leakage 
coefficient  is  shown  in  Fig.  4  for  dif¬ 
ferent  ratios  of  Rif/Rp'.  It  is  to  be 
noted  that,  although  the  maximum 
output  is  obtained  when  the  ratio 
Rl/Rp  equals  2,  the  frequency  range 
is  increased  by  using  higher  load  re¬ 
sistances.  This  comes  about  because 
the  higher  load  resistance  extends 
the  high  frequency  response  more 
than  it  reduces  the  low  frequency 
response. 

The  leakage  coefficient  depends 
primarily  upon  the  transformer  pro¬ 
portions  and  design  rather  than  upon 
the  size  of  the  transformer.  Large 
transformers  tend  to  have  high  pri¬ 
mary  inductance  and  hence  good  re¬ 
sponse  at  the  low  frequencies,  but 
at  the  same  time  fall  down  sooner  at 
the  high  frequencies  because  of  in¬ 
creased  leakage  inductance.  Small 
transformers  normally  tend  to  have 
poorer  low  frequency  response  be¬ 


cause  of  the  low  primary  inductance, 
but  give  excellent  response  at  high 
frequencies  because  of  the  low  leak¬ 
age  inductance  that  results  w’ith  the 
same  leakage  coefficient. 

The  principal  means  available  for 
reducing  the  leakage  coefficient  are: 

1.  Interleaving  primary  and 
secondary  windings  and  properly 
proportioning  the  winding  space. 

2.  Elimination  of  d-c  magnetiza¬ 
tion  in  the  core  by  the  use  of  push- 
pull  or  shunt-feed  arrangements. 

3.  The  use  of  core  material  having 
high  permeability.  By  intermingling 
primary  and  secondary  windings 
it  is  possible  to  reduce  greatly 
the  amount  of  flux  that  can  encircle 
one  winding  without  linking  both, 
and  so  lower  the  leakage  reactance. 
Properly  proportioning  the  winding 
space  to  make  the  leakage  paths 
long  also  works  in  the  same  direc¬ 
tion.  Elimination  of  d-c  magnetiza¬ 
tion  in  the  core  makes  it  possible  to 
use  a  very  small  air  gap  in  the  core. 
This  increases  the  primary  in¬ 
ductance  but  does  not  affect  the  leak¬ 
age  inductance  because  the  flux  paths 


are  largely  in  the  winding  space. 
The  result  is  an  improved  leakage 
factor  provided  the  core  /.s  a.'tsemhled 
u'ith  the  small  air  gap  permissible 
u'hen  d-c  magnetization  is  absent. 
The  use  of  high  permeability  core 
material  in  j)lace  of  ordinary  trans¬ 
former  steel  increases  greatly  the 
primary  inductance  that  is  obtained, 
but  does  not  alter  the  leakage  in¬ 
ductance  because  the  reluctance  of 
the  leakage  paths  is  largely  in  the 
winding  space.  Hence,  high  per¬ 
meability  iron  reduces  the  leakage 
factor  and  makes  it  possible  to  con- 
.struct  an  output  transformer  that  is 
small  in  size  and  so  has  low  leakage 
inductance,  while  at  the  same  time 
has  high  primary  inductance  because 
of  the  core  permeability. 

To  summarize,  it  is  seen  that  the 
important  constants  of  an  output 
transformer  are  the  primary  and 
leakage  inductances.  When  these 
quantities,  together  with  the  turn 
ratio  and  primary  and  secondary  d-c 
resistances  are  known,  the  frequency 
response  characteristic  of  the  output 
transformer  can  be  readily  calculated 
with  high  accuracy  using  the  equiva¬ 
lent  circuits  of  Fig.  2  and  the  curves 
of  Fig.  3.  The  number  of  octaves 
which  a  transformer  can  cover  is 
determined  by  the  ratio  of  leakage 
inductance  to  primary  inductance, 
and  is  increased  somewhat  by 
making  the  load  resistance  consider¬ 
ably  higher  than  twice  the  plate  re¬ 
sistance  (See  Fig.  4).  The  leakage 
coefficient  of  a  transformer  can  be 
reduced  by  interleaving  the  primary 
and  secondary  windings,  by  properly 
proportioning  the  winding  space,  by 
the  use  of  push-pull  and  shunt-feed 
circuits  to  eliminate  d-c  magnetiza¬ 
tion,  and  finally  by  the  use  of  alloy 
cores  of  high  permeability. 


'The  Hay  bridge  is  particularly  suitable 
for  such  measurements.  See  F.  E.  Terman, 
“Measurements  In  Radio  Engineering,” 
page  53. 
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inductor,  thus  varying  the  imiiedance 
of  the  inductor.  The  varyinjr  volt¬ 
age  drop  across  this  inductance  is 
fed  to  an  electron  tube  panel  where 
it  controls  the  amount  of  rectified 
current  passed  by  grid-controlled 
rectifiers.  This  current  changes  the 
degree  of  saturation  of  a  d-c  winding 
on  a  transformer,  the  a-c  windings 
of  which  are  connected  in  series 
with  the  a-c  line  and  the  lights  to 
be  regulated. 

In  addition  to  the  Thyratrons 
used  in  this  circuit  there  are  mer¬ 
cury  vapor  rectifiers  and  high  vacu¬ 
um  rectifiers.  The  gaseous  rectifier 
permits  current  to  flow  during  the 
interval  between  pulses  supplied  by 
the  controlled  rectifier.  The  high 
vacuum  rectifier  is  in  the  “feed¬ 
back”  circuit  where  it  electrically 
compares  the  voltage  on  the  lamps 
with  the  voltage  from  the  inductor 
and  acts  on  the  grid  circuit  of  the 
Thyratron  to  hold  the  lamp  voltage 
constant  for  any  one  setting  of  the 
inductor  core.  The  object  is  to  pre¬ 
vent  changes  in  the  lamp  load  from 
affecting  the  lamp-circuit  voltage. 
The  feed-back  circuit  responds  only 
to  the  magnitude  of  the  voltage  and 
not  to  the  phase.  For  this  reason 
the  inductor  may  be  connected  to  a 
single  phase  while  the  lamp  load  may 
be  distributed  over  three  phases 
with  obvious  advantages. 

The  volume  of  electrical  manufac¬ 
turing  business  in  1935  kept  pace 
with  the  increase  in  1934  over  the 
previous  year.  This  amounted  to 
about  30  percent,  and  was  accom¬ 
panied  by  the  largest  consumption 
of  power  by  the  home  that  had  ever 
been  recorded.  It  is  felt  that  this 
increased  use  of  pow’er  must  ulti¬ 
mately  lead  to  increa.sed  generating 
capacity  of  the  public  utilities  with 
the  distinct  possiblity  that  this  will 
provide  the  opportunity  of  trying 
some  of  the  tube-operated  power  ap¬ 
paratus  for  generation,  transmis¬ 
sion,  or  conversion  of  power.  Re¬ 
search  has  already  shown  that  metal 
tubes  can  successfully  handle  as 
much  power  as  3000  kw.  for  recti¬ 
fication  and  inversion  of  d.c.  to  a.c. 
Furthermore  it  seems  not  unlikely 
that  two  of  these  installations  could 
be  operated  in  series  to  supply  6000 
kw.  at  30,000  volts. 


Making  a  Living 
in  Radio 

By  ZEH  BOUCK.  McGraiv-Hill  Book 
Company,  Inc.,  New  York  City,  1935. 
(222  pages,  25  illustration^;  price 
$2.) 

This  book  is  based  on  the  experience  of 
a  man  thoroughly  familiar  with  the  ra¬ 
dio  field.  Mr.  Bouck,  being  an  old- 
timer,  is  inclined  to  view  the  field  in  a 
somewhat  pessimistic  fashion,  but  this 
arises  primarily  from  his  anxiety  to 
warn  the  reader  against  dreams  of  be¬ 
coming  rich  and  famous  over  night. 
The  competitive  nature  of  the  several 
branches  of  radio,  including  radio  serv¬ 
icing,  operating,  engineering,  broad¬ 
casting,  and  writing,  is  made  clear.  The 
book  does  not  consist  entirely  of  warn¬ 
ings,  however,  but  contains  a  wealth 
of  constructive  information  that  any 
man  intending  to  enter  radio  work  may 
well  find  necessary.  This  reviewer  par¬ 
ticularly  appreciates  Chapter  IX  on 
“Radio  Writing”  in  which  the  rules  for 
preparation  of  technical  copy  are  out¬ 
lined.  A  thorough  understanding  of 
this  chapter  on  the  part  of  authors 
would  be  a  great  boon  to  editors.  The 
appendices  give  a  complete  bibliography 
in  the  field  in  addition  to  the  addresses 
of  organizations  which  specialize  in 
placing  radio  operators,  together  with 


a  li.st  of  companies  specializing  in  the 
manufacture  of  electrically  transcribed 
programs.  In  short,  the  book  makes 
clear  that  radio  is  not  the  happy  hunt¬ 
ing  ground  that  it  was  ten  years  ago, 
so  far  as  making  money  is  concerned, 
but  that  there  are  many  worth-while 
jobs  available  to  those  qualified  for 
them.  For  those  who  wish  to  enter 
radio  work  on  this  basis,  the  book  is 
a  valuable  guide. — D.  G.  F. 


Fundamentals  of  Radio 

Second  Edition. 

By  R.  R.  RAMSEY,  author  and  pub¬ 
lisher,  Bloomington,  Ind.,  1935.  (A25 
pages,  ^38  figures.  Price,  $3.50  ) 

Six  years  ago  Professor  Ramsey’s  first 
edition  appeared.  All  who  read  Elec¬ 
tronics  know  the  rapid  changes  in  the 
art  which  have  made  necessary  a  new 
edition.  Here  the  author  includes  a 
new  chapter  on  Multi-electrode  tubes, 
has  rewritten  the  chapter  on  coupling 
to  give  a  more  direct  application  to  the 
usual  radio  circuits,  he  has  endeavored 
to  make  clear  to  the  “average  sopho¬ 
more”  the  meaning  of  vector  potential, 
he  has  added  valuable  lists  of  problems 
and  questions  to  test  the  student’s 
knowledge. 


FACSIMILE  PROVIDES  PRIVATE  COMMUNICATION 


Developed  to  provide  spy-proof  communication  in  the  event  of  war,  a  radio 
facsimile  machine  has  been  invented  by  the  French  inventor  Belin.  Trans¬ 
lation  of  the  facsimile  message  can  be  performed  only  when  the  original 
scanning  and  progression  rates  are  known 
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New  Solar  Phenomenon 

\Continned  from  page  25\ 


I  then  published  a  sutr^estion  that 
observers,  not  only  in  radio  but  in 
related  sciences  such  as  terrestrial 
majfnetism  and  solar  activity,  be  on 
the  watch  for  special  phenomena  dur¬ 
ing  October  21  to  25.  Such  phenom¬ 
ena  appeared  on  October  24,  under 
interesting  circumstances  w^hich 
seem  to  shed  new  light  on  the  rela¬ 
tions  of  solar,  radio,  and  terrestrial 
magnetic  phenomena.  On  Oct.  10 
there  had  begun  a  great  increase  in 
sunspot  activity,  accompanied  by  a 
general  improvement  in  radio  trans¬ 
mission  on  the  higher  frequencies. 
Amateurs  and  others  found  that  they 
received  excellent  daytime  signals  on 
much  higher  frequencies  than  usual. 
By  October  21  to  23  the  upper  limit 
of  frequency  had  reached  the  high¬ 
est  value  ever  observed  by  the  Na¬ 
tional  Bureau  of  Standards.  Then, 
for  a  single  day,  October  24,  this 
was  completely  reversed.  The  upper 
limit  of  frequency  on  this  one  day 
dropped  to  half  its  value  on  the  pre¬ 
ceding  days,  and  on  October  25  and 
succeeding  days  returned  to  the  high 
previous  values.  This  was  accom¬ 
panied  also  by  a  remarkable  change 
in  the  virtual  height  of  the  F.  layer 
of  the  ionosphere;  this  height  shot 
up  to  460  km.  on  October  24  from  a 
height  of  about  250  km.  on  the  pre¬ 
ceding  and  following  days.  These 
changes  were  the  most  pronounced 
ever  observed  by  the  Bureau.  On 
October  24  also  a  world-wide  mag¬ 
netic  storm  occurred. 

Magnetic  disturbances,  sunspot 
activity*  and  poor  high-frequency 
radio  transmission  have  hitherto 
been  considered  to  go  together  in 
general,  but  with  many  puzzling  ex¬ 
ceptions,  The  present  results  may 
help  to  unscramble  the  relation,  and 
the  following  hypothesis  is  offered. 
High-frequency  radio  transmission 
improves  as  general  sunspot  activity 
increases  (probably  because  of  in¬ 
creased  ultraviolet  radiation),  but 
some  particular,  relatively  sudden 
eruptions  on  the  sun  have  the  reverse 
effect  (impairing  high-frequency  ra¬ 
dio  transmission  on  the  illuminated 
side  of  the  globe)  and  also  give  rise 
to  terrestrial  magnetic  disturbances. 


It  appears  that  the  relation  between 
the  sudden  solar  and  radio  disturb¬ 
ances  is  a  simple  one.  The  wide¬ 
spread  daytime  radio  effect  is  ap¬ 
proximately  synchronous  with  the 
solar  eruption,  depending  directly  on 
the  changed  ionization  produced  in 
the  ionosphere  by  the  solar  emana¬ 
tion.  The  magnetic  disturbance, 
however,  is  a  derived  effect  resulting 
from  the  currents  flowing  in  the 
ionosphere  as  the  charges  therein  re¬ 
distribute  themselves,  and  it  would 
be  difficult  to  identify  cause  and  ef¬ 
fect. 

Such  identification  is  possible  how¬ 
ever  for  the  radio  disturbances,  and 
has  in  fact  been  found.  In  response  to 
a  request  from  the  National  Bureau 
of  Standards  a  report  by  Mr.  R.  S. 
Richardson  of  optical  observations  of 
the  sun  was  received  from  Mt.  Wil¬ 
son  Observatory.  This  report  indi¬ 
cates  that  the  spectrohelioscope 
showed  sudden  marked  changes  in 
form  and  intensity  of  a  hydrogen 
flocculus  within  a  few  minutes  of  the 
time  of  each  of  the  radio  fadeouts  of 
July  6  and  Aug.  30,  and  also  showed 
a  similar  phenomenon  on  Oct.  24. 

( No  observations  were  made  at  the 
times  of  the  March  and  May  fade- 
outs).  Mr.  Richardson’s  report  says 
the  Aug.  30  and  Oct.  24  eruptions 
were  unusual.  Data  are  not  avail¬ 
able  as  to  whether  widespread  radio 
fadeouts  occurred  at  the  times  of 
other  notable  solar  flocculi  eruptions. 

The  synchronous  radio  fadeouts 
and  visible  .solar  eruptions,  lasting 
only  a  few  minutes,  appear  to  be 
some  sort  of  climax  of  a  process  oc¬ 
curring  over  a  period  of  hours.  The 
Oct.  24  radio  observations  revealed 
the  disturbed  condition  over  such  a 
longer  period  rather  than  the  cli¬ 
mactic  sudden  type  of  fadeout.  It 
should  be  noted,  by  the  way,  that  the 
direct  correlation  of  solar  and  radio 
effects  with  which  we  are  here  con¬ 
cerned  are  daytime  phenomena,  i.e., 
on  the  side  of  the  globe  illuminated 
by  the  sun.  Night-time  radio  phe¬ 
nomena  are  far  more  variable. 

It  is  by  no  means  proved,  but  it 
may  be  that  solar  eruptions  (visible 
or  not)  are  the  usual  cause  of  wide¬ 


spread  daytime  impairment  of  high- 
frequency  radio  transmission,  and 
also  of  at  least  some  terrestrial  mag¬ 
netic  disturbances.  Even  if  only  a 
small  proportion  of  the  effective  erup¬ 
tions  should  have  a  visible  stage,  cer¬ 
tainly  further  study  of  such  visible 
effects,  and  comparison  with  radio 
transmission  results  and  ionosphere 
data,  will  be  of  value  in  elucidating 
the  mysteries  of  magnetic  disturb¬ 
ances  and  other  effects  closely  related 
to  events  on  or  in  the  sun. 


Graphical 

Analysis 
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stantaneous  plate  currents  were  llfl 
and  14  milliami>eres  respectively. 
la  therefore  is  119  —  14  =  105. 
The  peak  value  of  fundamental  cur- 
105 

rent  therefore  is  /„,  =  -f-  1.03  — 

().ll  —  0.09  53..33  milliamperes. 

The  i)ercentage  of  harmonics  then 
is; 


Harmonic 

2nd 

3rd 

4th 

5th 

6th 

7th 


Percentage 

6.28 

1.93 

0.53 

0.21 

0.19 

0.17 


The.se  values  are  typical  of  a  tulw 
of  this  type  operating  at  full  output 
into  a  resistance  load.  The  output 
obtained  is  easily  determined  from 
the  fundamental  current  times  the 
load  resistance.  In  the  above  case 
the  RMS  fundamental  current  is 
0.707  X  53.33  —  37.65  ma.  The  out¬ 
put  is  (0.03765)’  X  2,500  =  3.55 
watts.  This  value  is  in  excellent 
agreement  with  the  published  value 
of  3.5  watts. 

In  general  the  use  of  the  above 
method  will  give  results  sufficiently 
accurate  for  all  design  purposes. 
While  extending  the  calculations  to 
include  harmonics  of  higher  order 
than  the  seventh  will  tend  to  improve 
the  accuracy  of  calculations  for  all 
harmonics,  it  is  felt  that  for  the 
majority  of  cases  it  would  merely 
cause  unnecesary  trouble  and  delay 
in  the  analysis  of  the  problem. 
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EN-E-MOTORS 


Pioneer  Gen-E-Motor  Model  J 
complete  with  built-in  filter  unit 
is  available  to  provide  plate  sup' 
ply  for  farm  radio  receivers.  It 
superiority  over  the  vibrator  typ< 
of  plate  voltage  supply  is  unques 
tioned  for  a  steady  plate  voltagt 
without  ripple.  Send  for  a  sampU 
to  your  specifications. 


466  W.  Superior  St.,  Chico 

CABLE  ADDRESS:  SIMONTRICE,  NEW  YO 


MAIL  THIS  COUPON 

Pioneer  Gen-E-Motor  Corp., 

466  W.  Superior  Street,  Chicago, 'U.S.A. 

RUSH  sample  PIONEER  6-volt  Cas-Engine  Generator 
Company  . 


FOR  THE  RADIO  MANUFACTURE^ 

FARM  RADIO 
CHARGING  GENERATOR 


\  NEW  LOW  COST 
SENERATOR  FOR 
.IGHTS  AND  RADIO 

Sold  Only  to 
M  anufacturers 


The  PIONEER  gas  engine  driven 
generator  features:  Push  button 
starting.  (Also  provided  with 
manual  starter.)  1  50  watts  out¬ 
put  either  6, 1 2,  32  or  1 1 0  volts 
DC.  Maximum  mechanica 
power:  horsepower.  Four 

cycle  ball-bearing  gas  engine. 
Generator  and  gas  engine  direct 
connected  in  one  unit.  No  coup¬ 
ling  connections.  Extra  pulley 
operates  mechanical  appliances; 
generator  can  be  disconnected 
or  used  to  charge  battery  simul¬ 
taneously.  No  voltage  Ructua- 
'  tion.  Gas  engine  and  generator 
both  efficiently  air-cooled.  Unit 
supplied  with  ammeter,  cutout 
and  mufRer.  Operates  1  5  hours 
on  one  gallon  of  gasoline 
Motors  for  operating  washing 
machines,  pumps,  and  other 
'farm  appliances  can  be  driven 
electrically  from  this  generator 
Generator  is  designee). cAid  built 
in  the  PIONEER  plant  particu- 


an 


jE^IR-FLO  CHARGER 

If  youpre  not  familiar  with  the  superior  qual- 
ities  oi  the  PIONEER  wind  charger,  write  or 
fw  sample  unit.  Provides  6  volts  and  5 
ompeias  direct  current.  Operates  at  a  remarh- 
ably  low  wind  velocity. 

A' 


'T 


TUBES  AT  WORK 


A  CATHODE-RAY  tube  with  a  memory,  a  bucking- 
circuit  for  color  measurement,  a  diode  welder-watcher, 
and  a  sub-surface  prospecting  system  are  among  this 
month’s  crop  of  new  tube  applications 


cording  circuit  immediately  before  the 
impulse  occurred. 

The  device  may  be  permanently  con¬ 
nected  and  will  record  without  atten¬ 
tion,  except  that  the  film  in  the  camera 
must  be  moved  after  each  exposure  is 
taken.  Since  the  image  on  the  cathode- 
ray  screen  is  continually  erasing  it¬ 
self,  the  only  images  which  appear  on 
the  film  are  those  immediately  pre¬ 
ceding,  during,  and  immediately  after 
the  impulse  occurs.  The  time  lag  of 
the  fluorescent  material  is  about  1/25 
of  a  second.  The  device  has  been  used 
in  the  General  Electric  Laboratories 
in  Schenectady  for  studying  the  oc¬ 
currence  of  discharges  and  faults  in 
power  rectifiers  and  inverters. 


been  removed.  A  picture  of  the  screen 
is  “triggered”  by  the  lightning  in¬ 
pulse.  The  picture  thus  records  not 
only  the  position  of  the  beam  at  the 
instant  the  camera  shutter  is  opened, 
but  also  the  path  it  has  traveled  for 
a  few  hundredths  of  a  second  preceding 
that  time.  In  this  sense  the  cathode 
ray  tube  is  capable  of  storing  up  in¬ 
formation  or  “remembering”  for  as 
long  as  the  fluorescent  screen  is  capable 
of  retaining  the  image  placed  upon  it. 

In  the  study  of  lightning  impulses 
it  is  necessary  to  have  a  camera  with 
an  extremely  short  reaction  time,  that 
is,  a  camera  capable  of  recording  the 
impulse  before  it  has  dissipated  it¬ 
self,  within  a  few  millionths  of  a 
second.  Actually  a  camera  with  a 
negative  reaction  time,  that  is  one  The  use  of  color  measurements  for 

controlling  the  various  industrial  proc¬ 
esses,  such  as  sugar  refining,  oil  re¬ 
fining,  heat  treatment  and  the  like,  has 
been  seriously  handicapped  because  of 
the  relative  insensitivity  of  the  eye  to 
slight  changes  in  color.  A  photo¬ 
electric  device  known  as  a  “compensat¬ 
ing  colorimeter”  has  been  devised  for 
measuring  the  color  of  liquids  or  any 
transparent  or  translucent  material. 

The  device  consists  of  two  self¬ 
generating  photoelectric  cells  which  are 
connected  in  a  potentiometer  circuit  so 
that  the  voltage  generated  by  one  cell 
bucks  the  voltage  generated  by  the 
other.  Consequently  when  the  illu¬ 
mination  on  each  cell  is  the  same  the 
net  voltage  is  zero,  as  indicated  by  a 
galvanometer.  By  placing  the  sample 
whose  color  is  to  be  determined  in 
front  of  one  of  the  cells,  and  by 
placing  a  standard  solution  in  front 
of  the  other,  the  relative  transmission 
efficiency  of  the  two  materials  can  be 
evaluated  directly  by  determining  the 
difference  in  voltage  produced  by  the 
two  cells.  The  potentiometer  knob  is 
turned  until  the  galvonometer  returns 
to  zero.  At  this  position  the  poten¬ 
tiometer  knob  indicates  either  the 
voltage  difference  or  the  color  in  terms 
of  a  standard  scale. 

The  device  may  be  used  directly  for 
determining  the  transmission  of  light 
to  various  substances,  or  it  may  be 
used  to  determine  the  color  of  sub¬ 
stances  in  terms  of  transmission  effi¬ 
ciency.  For  this  latter  type  of  work 
three  colored  filters  of  standard 
characteristics  are  used.  These  filters 
are  interposed  between  the  sample  and 
the  cell  and  between  the  standard  and 
the  cell  to  determine  the  percentage  of 
different  colors  contained  by  the  sample 


Cathode  Ray  Recorder 
“Remembers”  by  Means  of 
Fluorescence  Delay 


An  unusual  type  of  cathode  -  ray 
oscillograph  recorder  which  records 
not  only  a  current  or  voltage  impulse 
but  also  the  current  or  voltage  which 
preceded  the  impulse  was  announced 
by  Dr.  A.  W.  Hull,  General  Electric  Re¬ 
search  Laboratory  before  the  National 
Academy  of  Science  at  the  University 
of  Virginia.  The  instrument,  which 
was  developed  for  use  in  the  study  of 
lightning  flashes,  makes  use  of  the 
fact  that  the  fluorescent  screen  of  a 
cathode  ray  tube  will  retain  the  image 
produced  upon  it  for  a  fraction  of  a 
second  after  the  cathode  beam  has 


Photoelectric  Color 
Measuring  Device  Us€*d 
for  Process  Control 


At  right,  the  screen  of  a 
cathode  ray  tube  which 
“remembered”  the  two 
waves  which  had  already 
occurred  when  the  camera 
shutter  opened.  Below, 
Doctor  A.  W,  Hull  with 
the  pre-recording  oscillo¬ 
graph 


Record  of  cqcics 
preeding  failure 


Record  of  cycles 
following  failure 


Failure,  actuating 
camera  shutter 


capable  of  commencing  recording  just 
before  the  lightning  flash  occurs,  would 
be  desirable.  The  device  described  by 
Dr.  Hull  accomplishes  this  seemingly 
impossible  result  in  the  following 
manner: 

The  pre-recording  oscillograph,  as  it 
is  called,  consists  of  an  ordinary 
cathode  ray  oscillograph  tube  having  a 
fluorescent  screen  specially  constructed 
to  have  an  appreciable  time  lag.  The 
tube  is  surmounted  by  a  light  proof 
chamber  and  a  small  camera  having  a 
fast  lens.  The  shutter  of  the  camera 
is  controlled  magnetically  from  a 
thyratron  whose  grid  is  excited  by  the 
lightning  impulse.  When  the  lightning 
voltage  appears  the  camera  shutter  is 
opened,  thus  exposing  the  film  to  the 
image  formed  on  the  screen.  This 
image  consists  of  the  form  of  the 
lightning  impulse,  and  in  addition  the 
still-visible  image  produced  by  the  re- 
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Wplding  electrodes 


Diode 


Condenser 
charged  - 
through'dio  de 


VT  voltmeter 


the  proportionality  of  the  diode  cur¬ 
rent  to  the  square  of  the  coil  voltage, 
and  hence  the  voltage  attained  hy  the 
contlenser  is  proportional  to 


in  terms  of  the  red,  violet,  and  yellow 
portions  of  the  spectrum.  This  is  a 
standard  procedure  known  as  the  tri¬ 
chromatic  analysis. 

Since  the  instrument  is  entirely  self- 
contained  (except  the  indicating  gal¬ 
vanometer)  and  a.c.  operated  it  may 
be  applied  to  a  variety  of  industrial 
problems  without  special  accessory  ap¬ 
paratus.  In  sugar  analysis,  for  ex¬ 
ample,  the  sugar  sample  is  placed  l>e- 
tween  the  illumination  source  and  one 
cell,  while  between  the  source  and  the 
other  cell  is  placed  a  container  filled 
with  water.  The  relative  transmission 
both  to  white  light  and  to  various 
monochromatic  sources  may  then  be 
determined  directly  in  terms  of  the 
Iransmis.sion  through  the  water. 


where  i  is  the  instantaneous  value,  ami 
T  the  duration,  of  the  welding  current. 
It  will  be  seen  that  this  integral  can  be 
taken  as  a  measure  of  the  total  heat 


assumed  that  r,  the  resistance  of  the 
weld,  always  varies  in  the  same  man¬ 
ner  during  the  welding  |H*riod.  On  the 
basis  of  this  assumption,  which  is  ap¬ 
proximately  correct,  the  condenser 
voltage  is  read  on  a  vacuum-tube  volt¬ 
meter  as  a  measure  of  the  total  weld¬ 
ing  heat. 

This  measurement  is  particularly 
helpful  when  a  welding  machine  is  first 
being  put  into  operation.  There  are 
two  adjustments  to  Ih>  made  on  the 
machine,  one  controlling  the  peak 
amperage  of  the  welding  current  and 
the  other  the  duration  of  the  welding 
current.  These  adjustments  are  made 
so  that  the  total  heat  energy  of  the 
machine’s  weld  has  the  same  value  as 
that  of  other  machines  turning  out 
satisfactory  work. 


Circuit  of  the  ire/ding  monitor 


Monitoring  a 
Welder  W  ith 
Matheniaties 


the  welding  current  is  a  train  of  sine 
waves,  the  coil  voltage  is  sinusoidal 
and  is  proportional  to  the  welding  cur¬ 
rent.  A  small  part  of  the  coil  voltage, 
about  0.1  volt,  is  applied  to  a  diode  in 
series  with  a  condenser.  Since  the 
diode  characteristic  for  this  small  volt¬ 
age  has  the  form  of  the  square  law,  the 
current  flowing  into  the  condenser  is 
proportional  to  the  square  of  the  coil 
voltage  and  hence  proportional  to  the 
square  of  the  welding  current.  The 
condenser  stores  up  the  charge  flowing 
into  it,  and  thus  builds  up  a  voltage 
which  is  closely  proportional  to  the 
diode  current  integrated  over  the  weld¬ 
ing  period.  The  condenser  voltage  is 
not  large  enough  to  disturb  appreciably 


In  the  manufacture  of  metal  tubes, 
where  such  currents  as  high  as  75,000 
amperes  are  used,  the  welding  ma¬ 
chines  must  be  adjusted  so  that  the 
total  heat  energy  developed  in  the  weld 
during  the  welding  cycle  has  the  cor¬ 
rect  value.  In  the  RCA  Radiotron  Divi¬ 
sion  plant  this  quantity  is  measured 
by  means  of  an  ingenious  circuit  de¬ 
signed  by  Mr.  F.  H.  Shepard. 

An  air-cored  toroidal  coil  is  slipped 
over  one  of  the  welding  electrodes 
where  it  induces  a  voltage  from  the 
field  of  the  welding  current.  Because 


New  Optical 
Crvistals  to  Aid 
•Atomic  Research 


A  new  process  of  producing  artificial 
lithium  fluoride  crystals  suitable  for 
optical  use  has  been  announced  by 
Professor  Donald  C.  Stockbarger  of 
the  Department  of  Physics  at  M.l.T. 
Because  lithium  fluoride  is  extremely 
transparent  to  light  both  in  the  ultra¬ 
violet  and  infra-red  region,  its  use  in 
optical  instruments,  notably  in  spec¬ 
trometers  and  other  instruments  used 
in  electronic  research,  is  of  consider¬ 
able  importance.  Lithium  fluoride 
crystals  have  a  transmission  range  far 
wider  than  that  of  any  other  optical 
material,  including  fused  quartz, 
optical  glass  and  rock  salt.  In  addi¬ 
tion  the  material  refracts  light  of 
different  colors  far  more  equally  than 
does  any  other  known  substance. 

The  process  of  growing  crystals  of 
this  substance  consists  in  the  produc¬ 
tion  of  lithium  fluoride  salt  in  highly 
pure  form  by  a  synthetic  process  and 
in  growing  the  crystals  in  an  electric 
furnace  whose  temperature  is  precisely 
controlled.  The  powdered  salt  is 
placed  in  an  accurately  shape<l 
platinum  crucible  with  a  conical  bot¬ 
tom.  At  the  apex  of  this  bottom  a 
seed  crystal  is  planted  and  from  this 
the  growth  continues  until  the  entire 
body  of  the  substance  has  become  uni¬ 
formly  crystallized.  Optically  per¬ 
fect  crystals  as  large  as  3  in.  in 
diameter  have  been  produced  by  Pro¬ 
fessor  Stockbarger. 


RECORDER  ENGRAVES  EVIDENCE  ON  CELLULOID 


A  new  device  for  recording  conversation  and  other  evidence  secretly  by 
means  of  a  diamond  stylus  engraving  on  celluloid  film.  The  recording  may 
be  played  back  immediately  without  processing 
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AS  SURE  AS'CAN  BE- 

Weave  on  the  way  to  more  business 

A  year  ago,  after  being  in  production  3  months,  we  employed 
1*)  men.  At  our  1933  peak  we  employed  190  men  on  three 
8-hour  shifts. 

We  made  money  and  paid  dividends  on  November  13, 
1933,  to  our  stockholders  for  the  full  period  from  Novem¬ 
ber  30,  193‘k  the  date  of  incorpt)ration,  to  the  dividend  pay¬ 
ment  date. 

3X'e  feel  that  a  business  that  cannot  pay  for  the  hire  of  dol¬ 
lars  is  not  properly  conducted.  We  all  pay  for  hire  of  labor. 
Why  not  for  dollars? 

This  company  does  not  pay  large  salaries  to  executives;  dol¬ 
lars  and  wages  come  hrst.  Only  then  has  management  a 
right  to  be  heard. 


SUPERIOR  TUBE  COMPANY 

Norristown,  Pa. 

(TWENTY-FIVE  MILES  FROM  PHILADELPHIA) 

MANUFACTURERS  OF 

FINE  SEAMLESS  TUBING 

IN  SMALL  SIZES 
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consin,  has  been  used  in  the  Mount 
Wilson  observatory  with  remarkable 
results.  The  device  is  capable  of 
registering  the  presence  of  a  candle  at 
a  distance  of  seven  miles  without  the 
use  of  a  telescope.  With  the  telescope 
at  Mount  Wilson,  which  has  a  lOO-in. 
reflector,  the  candle  would  bo  detect¬ 
able  at  a  di.stance  of  3,000  miles,  as¬ 
suming  no  absorption  in  the  atmosphere 
beyond  the  first  mile. 
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Shale  beds 


Utility  ServicM*  Oi'kh 
Usiii^  Ultru-Hi^li 
Frequeiioy  Rtulio 


Shale  beds 


.\CC0RD1NG  TO  Elect  riral  World,  tests 
have  been  made  by  a  western  public 
utility  company  using  ultra-high  fre¬ 
quency  transceiver  equipment  between 
the  service  crews  who  patrol  wire  lines 
and  other  transmission  equipment,  and 
the  dispatchers  of  the  system  who 
direct  their  work.  Since  much  of  this 
work  must  be  done  during  lightning 
storms,  the  freedom  of  the  frequencies 
between  five  and  ten  meters  from  at¬ 
mospheric  disturbances  make.s  them 
particularly  suited  to  this  type  of 
service.  The  tests  indicated  that  such 
equipment  may  lx*  highly  useful  for 
use  in  controlling  and  dispatching 
work.  Further  tests,  in  which  the 
dispatcher  transmitter  will  feed  an 
aerial  on  top  of  a  2fir>  ft.  smoke¬ 
stack,  are  being  planned. 


Complete  layout  of  the  Askania  seismic  prospecting  apparatus  described  belou  . 
An  oscillograph  record  of  the  “sound-icave"  sent  through  the  earth  by  a 
dynamite  explosion  reveals  the  features  of  the  hidden  sub-surface  geology 


Seismic  Prospecting; 
Method  Uses 
Electronic  Recorders 


Seismic  prospecting,  an  important  by  the  blast,  this  is  possible  1 
method  of  geophysical  exploration  the  refracted  and  directly  tram 
which  reveals  the  presence  of  valuable  surface  waves  and  sound  waves 
oils  and  mineral  deposits,  is  now  car-  arrive  at  the  six  recorders 

ried  out  with  the  aid  of  electronic  more  or  less  horizontal  di 
amplifiers  which  record  earth  tremors  whereas  the  reflected  wave  arr 
caused  by  the  explosion  of  a  charge  ^  nearly  vertical  direction.  3 
of  dynamite.  As  shown  in  the  illustra-  fleeted  waves  ^  therefore  show 
tion,  the  method  consists  in  burying  a  exact  time  coincidence  on  the 
charge  of  dynamite  below  the  surface  graph  record,  whereas  the  other 
of  the  area  which  is  being  explored,  are  spread  out  over  a  greater 
The  dynamite  is  exploded  electrically.  It  is  of  course  necessary  t( 
and  the  impulse  or  shock  thereby  given  the  velocity  of  the  wave  throu 
to  the  earth  travels  downward  until  earth’s  surface,  but  when  this  is 
it  hits  a  reflecting  layer.  At  this  layer  the  accuracy  in  determining  th4 
the  seismic  wave  is  reflected  back  to-  ot  the  reflecting  layer  may  be  i 
ward  the  surface  where  its  presence  is  as  1/10  of  one  per  cent  under  fa 
recorded  by  six  vibration  detectors,  conditions.  The  reflecting  lay( 
that  is,  specially  constructed  instru-  aot  necessarily  indicate  the  p 
ments  which  convert  the  mechanical  ot  minerals  or  other  valuabl 
vibration  of  the  ground  surface  into  surface  deposits,  but  it  does  i 
electrical  impulses.  These  impulses  a  distinct  discontinuity  in  geo 
are  amplified  in  conventional  recorder  region,  which  is  of  prii 

amplifiers  and  applied  to  individual  portance  in  the  geologic  study 
galvanometers  of  a  magnetic  type  prospecting  survey, 
oscillograph.  The  vibration  experienced 

by  each  vibration  detector  is  thus  re-  •  •  • 

corded  on  a  moving  strip  of  photo¬ 
graphic  paper.  On  the  same  strip  of  Photocell  Detector  to  be 
paper  are  also  recorded  the  electrical  wt  i  tvt  orkrk  • 

im^lse  which  detonated  the  dynamite  ^Sed  With  New  200-10. 
blast  and  a  series  of  timing  marks  Telescope  Mirror 
equally  spaced  at  intervals  of  1/lOOth 
of  a  second. 

If  the  time  of  travel  of  the  seismic 
wave  through  the  earth  is  known  it  is 
possible  to  calculate  the  depth  of  the 
reflecting  layer  simply  by  measuring 
the  time  between  the  blast  and  the 
arrival  of  the  shock  at  the  vibration 
recorders.  The  seismic  wave  may  be 
regarded  as  a  sound  wave  traveling 
through  the  earth’s  surface,  and  the 


NOBEL  LAUREATES 


According  to  Dr.  George  E.  Hale, 
chairman  of  the  Palomar  Observatory 
council,  the  new  200-inch  mirror  for 
the  reflecting  telescope  to  be  installed 
atop  Mount  Palomar  will  be  used  in 
conjunction  with  a  photocell  detector 
for  registering  the  presence  of  ex¬ 
tremely  faint  illumination.  The  photo¬ 
cell  amplifier,  constructed  by  Dr.  Albert 
E.  Whitford  of  the  University  of  Wis- 


Frederick  Joliot  and  his  wife, 
Irene  Joliot  Curie,  winners  of  the 
Nobel  prize  in  chemistry,  for  their 
synthesis  of  radioactive  elements 
(See  Electronics,  November  1935, 
page  7.) 
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no  or  ]>oli^llin<'  operations 

are  neei^'aiN .  A  iiiinilter  of  atirae- 
live  eolors  of  l)ak.«*lile  Materials  are 
available  from  \\liieli  to  x  leet. 

nrjre  Hadio  iiiaiiiifaeturers 
and  desi<:iiers  to  in\e>ti':ate  tlie 
excellent  opportunities  <dTered  l>v 
Baktdile  Molde«l  for  |»rodm-ing  e\- 
eeptionallv  attra«-ti\e  Cabinets  in 
tbe  larjier  sizes,  ainl  to  eonsult  ns 
alnnit  tiH‘m.  Vie  also  invite  vou  to 

HAKEMTE  CORPOR  ATION.  217  Park  Avenue,  New  Aork,  N.  A’ . 

BAKKI.  ITE  CORl'OUATION  OF  CANADA.  LIMITED.  163  Dufferii 


write  b»r  our  informative  booklet 
13M"Makelile  Molded*'. 

★ 

This  iiniisiial  Radii)  Cabinet  is 
formed  throughout  of  Bakelite 
Molded.  Cabinet  and  doi)rs  are  black 
and  trimmings  are  ivory  uhite. 
Exhibited  at  a  recent  radio  shoic  it 
M  o/i  the  popular  vote  for  beautiful 
ilesign  and  n  as  appropriately  idck- 
named  the''Radio  in  Evening  Dress". 

.  43  F^ast  (Aliio  Street,  Chicago,  III, 

Street,  Toronto,  Ontario,  Canadi 


T  II  K  ^1  A  T  K  R  I  \  I.  O  F  A  T  II  »  1'  S  A  X  D  V  S  E  S 
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Advanced  Styling 

Mvith  HaheHte  Molded 


ToDXA’S  trend  in  Radio  Cabinet 
St\  lin<:  is  delinitelv  toward  simplie- 
ilv  in  bitib  form  and  line — toward 
de«i^iis  wbieli  will  look  well  anv- 
wln*ie.  I'or  tbe  prodiielion  of  lliese 
modern  eabinel^,  partieiilarlv  in 
larjie  size>,  liakelite  Molded  is  pro\- 
in^  both  economical  and  practical. 

I'  ormini'  larjre  liollow  shape-  w  illi 
Rakclite  Molded  in  deep  cavilv 
molds  lias  proved  to  be  coiiipb'tidv 
siicce — Ini  with  niinicroiis  di"inii- 
lar  de'ii:ns.  'I  Im*  e\celb*nt  example 
featured  here  mca'iires  lT"\i!r\7’' 
overall,  and  others  even  larger  art* 
bcino  produced  intpiantitv. 

From  a  maniifactnrin^  standpoint 
forinin:;  these  lariit*  si/t*  cabint'ts  td 
Bakelite  M  obletl  affortls  as  nianv 
a<ivantac«‘s  and  ectmomies  as  with 
smaller  si/t*-.  Ab'oliite  nnibirmitv 
td  tlimeiision  is  a"nred;  accurately 
positioned  In^s  and  bosses  mav  be 
molded  in,  tbertdiv  simplifv  in^  as* 
st'inblv;  tbe  permanentlv  lustrous 
iinisli  is  acipiirt‘«l  in  the  nioltl,  anti 


.V 


DEVEL0I*MENTS  reported  recently  in  the  technical 
press  include  a  new  mag^netic  alloy,  unusual  uses  of 
^low-lamps  as  circuit  elements  in  radio  receivers,  and  a 
graphical  method  of  studying^  a.v.c.  circuits 


Bibliography  on  Oscillation 

The  Recent  Number  2  ok  Volume  5 
of  the  Report  of  Rtulio  Rcseoreh  in 
Japan  brinjfs  an  article  (pp.  40-GS)  by 
Rensuke  Usui  on  the  non-linear  theory 
of  electric  oscillators  which  discusses 
many  examples  of  these  types  of  oscil¬ 
lators  amplifying  von  der  Pol’s  result 
(l.R.K.  22:1501,  19.’}4);  a  secorid 

article  (|)p.  OD-TS)  by  Kinjiro  Okabe 
of  the  Department  of  Physics,  Osaka 
University,  describes  the  j)r(Kluction  of 


Aliiico — New  Majjnt'tic 
Material 


energy  is  higher  and  occurs  at  a 
lower  flux  density  and  a  higher  de¬ 
magnetizing  force.  Alnico  magnets 
may,  therefore,  be  of  smaller  volume. 
They  will  be  less  subject  to  de¬ 
magnetization  by  stray  fields.  An  a-c 
field  of  500  ampere  turns  {hu-  inch 
caused  the  magnetism  to  decrease  only 
10  per  cent  in  a  one-minute  applica¬ 
tion  and  further  exposure  produced  no 
further  loss  in  flux  lines. 

Alnico  magnets  are  less  subject  to 
demagnetization  by  heat  or  b"  me¬ 
chanical  vibration.  They  reciuire 
stronger  magnetizing  force  to  magne¬ 
tize  them  completely,  a  force  of  at 
least  2,000  oersteds  (4040  ampere  turns 
per  inch)  is  recommended.  The 
specific  gravity  is  G.9,  the  alloy  is  non- 
corro.sive  and  is  brittle. 

Considerable  data  may  be  secured  on 
the  subject  by  reading  U.  S.  Patent 
1.0G8  5G9  to  \V.  E.  Ruder  of  the  (len- 
eral  Electric  Company. 


Newspapers  recently  carried  the 
story  about  some  fifty  industrialists 
on  tour  of  the  large  research  labora¬ 
tories  who  saw  a  new  magnetic  material 
at  Schenectady  where  General  Electric 
research  engineers  described  the  his¬ 
tory  and  the  merits  of  this  new  alloy. 
Originally  develojied  as  a  heat-resistant 
alloy  which  resists  scaling  and  deterio¬ 
ration  at  high  temperatures,  Professor 
T.  Mishima  of  the  Imperial  Uni¬ 
versity  at  Tokyo  discovered  that  it  had 
most  interesting  magnetic  qualities. 

This  new  alloy  is  east  and  finished 
to  shape  by  grinding.  It  will  support 
GO  times  its  own  weight  when  properly 
designed.  It  is  made  up  of  iron,  alu¬ 
minum,  nickel  and  cobalt.  It  has 
higher  coercive  force  and  lower 
residual  induction  than  other  magnetic 
materials.  The  maximum  available 


Mdiinetrtni  osrillaittr.  I 
perpomliealar  to  iJane 


ultra-short  wave  oscillations  with 
double-anode  magnetrons,  i.e.,  magne¬ 
trons  with  two  pairs  of  sj)lit  plates; 
besides  wave-lengths  given  by  l.'kOOO  H 
(Gauss),  a  second  system  of  waves 
given  by  about  8,000  11  is  produced. 

Tatuo  Hayasi  from  the  same  uni¬ 
versity  contributes  two  articles,  one  on 
a  new  amplitude  modulation  system  for 
magnetron  oscillators  (pp.  89-104)  and 
another  (pp.  105-1 12)  on  new  electron 
oscillations  outside  the  inner  grid 
dynatron  oscillating  electrode,  their 
wave  lengths,  about  100  cm.  being  not 
only  (luite  independent  of  that  of  the 
main  o.scillator  but  also  comparatively 
constant  for  wide  changes  in  electrode 
vidtages. 


NEW  GEIGER  COUNTER  FOR  COSMIC  RAY  STI  DY 


I)i>icharj;e  Tubus  in  Rtulio  Suls 

Volnme  Control 

[W.  Heinze  and  W.  Pohle,  P.  Miram] 
The  glow-lamp  in  which  the  discharge 
is  restricted  to  the  negative  glow’  is  a 
suitable  means  for  indicating  the  posi¬ 
tion  in  w’hich  a  radio  receiver  is  tuned 
to  the  incoming  w’ave.  The  surface 
covered  by  the  glow’,  or,  when  the 
cathode  is  in  the  form  of  a  wire,  the 
length  of  the  glow’,  is  proportional  to 
the  current.  In  the  discharge  tulx*s 
used  the  cathode  is  a  thin  rod,  tw’o  or 
three  inches  long,  w’hich  becomes 
covered  to  the  tip  w’ith  the  glow  when 
the  current  reaches  2  ma.  A  ring- 
shaped  positive  electrode  surrounds 
the  low’er  part  of  the  cathode,  and  an 
auxiliary  electrode  at  the  foot  of  the 


Professor  R.  D.  Bennett  of  M.  I.  T.  with  one  of  seven  new  cosmic  ray  in¬ 
tensity  meters  to  be  installed  throughout  the  world.  An  automatic  camera 
records  variations  in  the  intensity  of  the  cosmic  bombardment,  which  are 
registered  in  argon  gas  maintained  at  750  pounds  pressure.  The  instrument, 
battery  operated,  will  record  for  one  year  without  attention 
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COLLINS  RADIO  COMPANY 

CEDAR  RAPIDS,  IOWA  if  NEW  YORK,  11  West  FortT-Second  Street 


Wall  proportionad  cabinats,  pleating  in  sf 
with  tymatrically  placed  controlt,  bland 
tractivaly  with  modern  studio  appointments. 


The  clean  cut  appearance  of 
the  interior  emphasizes  the  de¬ 
pendable  performance  and  sturdy 
construction. 


ftctea^e 

FOR  ★ 


SMALL  OR  LARGE 
STUDIO  INSTALLATION 


The  COLLINS  type  I2E  Speech  Input  Assembly,  because  of  its 
flexible  circuit  design,  is  easily  adapted  to  the  individual  require¬ 
ments  of  large  or  small  broadcast  stations. 

The  following  features  of  the  I2E  are  an  indication  of  the  care¬ 
ful  engineering  found  throughout  the  entire  Series  12  Speech  Input 
Equipment:  Completely  independent  program  and  monitor  circuits 
....  All  units  may  be  Isolated 
or  eliminated  completely  from  the 

circuit  by  means  of  jacks  ....  ~~~1 

Loud  speakers  in  control  room  and 

studios  are  controlled  automatical-  '  ^  j 

ly  by  microphone  control  switches 

....  Control  operator  may  "talk  ■!  j 

back"  into  rehearsal  studio  without  I  IK  I 

interrupting  program  on  the  air  ^  ^  K  '  | 

from  another  studio  ....  Improved  i  1 

type  of  high-speed  volume  level  •  i 

Indicator  used  ....  All  important  if  ~  I  | 

controls  are  grouped  on  one  panel  _ _  | 

which  may  be  removed  from  rack  •-  v-  j  ,1 

and  located  on  control  operators'  l«.l  i  ^ 

desk  ....  The  I2E  may  be  used  to  ^B  ^  ^1-^ 

feed  transmitter  directly  or  to  feed  J 

program  line  to  transmitter  .... 

Standardized  construction  of  units  I  ■cixL-e! ,, 
allows  equipment  to  be  enlarged,  ^B^  -J  j 

Instead  of  replaced,  as  the  de-  I  Bm^i!  : 

mands  of  the  station  increase.  P  iHi 


The  careful  attention  which  has 
been  given  to  these  and  other  de¬ 
tails  of  design  in  the  I2E,  permit 
a  flexibility  of  operation  never  be¬ 
fore  attained  in  a  factory  assem¬ 
bled  speech  input  system. 


-  r  fbW 

I  ill  ) 


ILL 
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operating  the  tube  t;>  jr^'t  a  iTsistance 
of  a  few  megohms  and  a  nearly 
straight  current  against  voltage  line. 
If  a.c.  is  superimposed,  the  additional 
resistance  introduced  is  practically 
zero  so  that  all  the  frequencies  are 
transmitted  to  about  the  same  extent 
without  any  loss  of  the  lower  notes. 
—E.  T.  Z.  5fi  (No.  ‘>17-920,  lO.lfn 

Fnnkt.  Mon.  No.  10:  .‘ITd-.'lTO,  Itch'S. 


than  0.2  ma.  to  prevent  the  discharge 
from  becoming  self  sustaining.  Another 
way  is  to  apply  a  strong  bias  to  the 
control  grid  of  the  next  tube.  When 
the  glow  progres.ses  to  the  tip  of  the 
probe,  the  grid  is  practically  short- 
circuited  to  ground  and  allows  the  cur¬ 
rent  to  pass;  its  strength  is  controlled 
by  the  drop  in  the  grid  bias  resistor. 
The  resistance  of  the  cathode-to-probe 
space  varies,  however,  with  the  current 


Negative  glow  indicating  timing 


cathode.  A  weak  discharge  is  main¬ 
tained  between  the  auxiliary  electrode, 
and  the  main  electrode;  with  uncoated 
electrodes  the  starting  potential  is 
about  190  volts,  the  operating  poten¬ 
tial  160  volts. 

In  the  set  the  main  discharge  to¬ 
gether  w’ith  a  series  resistance  r  is 
placed  in  parallel  with  a  resistor  in¬ 
serted  in  the  lead  from  the  plate  of  the 
detector  or  a.v.c.  tube.  The  resistance 
r  is  so  chosen  that  when  the  set  de¬ 
livers  maximum  undistorted  power  the 
cathode  is  completely  covered  with  the 
negative  glow.  This  current  is  of 
course  equal  to  the  fraction  obtained 
by  dividing  the  potential  drop  I’  across 
the  lamp  and  its  series  resistance 
minus  the  operating  potential  v  of  the 
lamp  by  the  series  resistance,  that  is 
i  =  (V  —  r)  :  r.  If  the  resistance  R 


A.V.C..  Doiihlor 


[Paul  Mandkl]  Whatever  the  cir¬ 
cuit  used,  the  purpose  of  a.v.c.  is  to 
maintain  the  output  at  jjractically 
the  same  level  regardless  of  signal 
strength;  the  aim  is  achieved  by  vary¬ 
ing  the  grid  bias  of  at  least  one  tube 
and  thus  changing  its  amplification  in 
accordance  with  the  output  voltage. 
Let  Ct  be  the  voltage-  applied  to  the 
first  grid,  c.  the  amplified  voltage  in 
the  same  tube,  c,  the  voltage  after  three 
stages  of  amplification.  In  the  simplest 
case  the  amplification  by  one  tube  is 
equal  to  =  Cl  (Hi,  or  when  several, 
(for  instance,  three)  stages,  are  used, 
c.  zz  Cl  G’/?  ,  when  (!  is  the  mutual 
conductance  and  R  the  internal  re¬ 
sistance,  supposed  to  be  much  larger 
than  the  load.  G  depends  on  the  grid 
bias  c,  which  in  turn  depends  on  the 
output  Cs  or  c.  of  the  ami)lifier.  In 
ca.se  of  a  three  stage  r-f  amplifier  f(d- 
lowed  by  a  diode,  applying  the  rectifie<i 
voltage  directly  to  the  grid  of  the  first 
tube  and  giving  almost  perfect  rectifi¬ 
cation,  c  0.S4  c,.  If  a  series  of 
measurements  on  r-f  tubes  of  a  certain 
type  shows  that  on  the  average  loi/ 
G  =  —  —  0.2  and  R  _  100,000, 


through  the  discharge  tube,  producing 
changes  of  the  grid  voltage,  and  the 
method  should  only  be  used  with  tubes 
having  a  low  amplification  factor;  with 
other  tubes  it  is  necessary  to  place  a 
rectifier  between  probe  and  cathode. 

Audio  Amplification 

Discharge  tubes  with  the  negative 
glow  only  may  be  used  to  advantage 
instead  of  the  coupling  condenser  in 
resistance  coupled  a-f  amplifiers.  The 
lowest  current  insuring  a  steady  dis¬ 
charge,  about  0.05  ma.,  is  chosen  for 


.  dheking  po'f9n*H 


Negative  glotv  with  silent  tuning 


in  the  plate  circuit  is  such  that  when 
the  set  is  being  tuned,  the  voltage  drop 
across  the  resistance  varies  by  30  volts, 
or  from  200  to  170  volts  at  one  end, 
then  the  resistance  to  be  placed  in 
series  with  the  lamp  must  be  about 
20,000  ohms  to  produce  full  coverage 
at  resonance  with  2  ma.  current.  The 
discharge  has  its  greatest  length  when 
the  steady  plate  current  has  reached 
its  smallest  value.  The  auxiliary  dis¬ 
charge  is  about  0.3  ma. ;  it  is  in  series 
with  a  ‘resistance  of  i  meg. 

By  inserting  a  fourth  electrode  in 
the  top  of  the  tube  so  that  it  extends 
part  way  down  the  cathode,  the  glow 
discharge  tube  may  be  made  to  switch 
the  audio  stage  in  and  out.  As  the 
current  and  the  length  of  the  glow  in¬ 
crease  there  comes  a  stage  where  the 
fringe  of  the  negative  glow  touches  the 
fourth  electrode,  and  charges  this  elec¬ 
trode  to  nearly  the  same  potential, 
about  160  volts  below  that  of  the  plate 
of  the  tube.  In  one  arrangement  the 
fourth  electrode,  or  probe,  is  connected 
to  the  screen  of  the  following  tube  kept 
at  ground  potential  by  being  shunted 
with  a  5  or  10  meg.  resistor  and  block¬ 
ing  the  plate  current  until  the  probe 
is  touched  by  the  discharge.  The  cur¬ 
rent  to  the  probe  and  therefore  the 
screen  current  must  be  kept  smaller 


GLIDKK 

TRA^S(:KI^^:RS 


In  the  recent  .ill-Union  (wilder 
Meet  held  in  I'.rimen,  pilots  test¬ 
ing  new  glider  models  kept  in 
contact  with  the  groiin.l  hv  ultra- 
short-icave  raoio 
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Coniilli'ss  iiftintrlitnitivs  for  rronoiiiirs  and  iin|irov(‘iii<‘iits  .  .  .  without  added 
expense  or  radieal  elianjjes  .  .  .  an*  heinj:  nne»>vered  hy  design  enjiineers  and 
shop  exeenlives  with  the  aid  of  a  PAHkKK-K \L( )N  ASSKMBL^  KN(;iNEEI{ 


I'hroii^lioiil  ihr  iiirlal  wtiikinj:  iiulustrio  it  ir^  roii- 
rr)l«'*l  lliat  oiir  of  llir  iiio^l  iiiiporlaiil  iiio(l<‘ni  aiiis 
t«t  proiliu-tioii  >prr<l  aiul  «'roii«>iiiy  is  Parkri'-Kalttn 
I larilriiril  Srlf-lappiii"  Snrws.  S«»  imu’li  siiiiplrr  t«> 
iisf  than  otlirr  fastrniii^  «lr\i<'«'s  .  .  .  anil  afTonliii;' 
•riratrr  liohlin^  pinvi'r  in  most  ras«*s  .  .  .  tlirsi*  nniipn* 
Scrrws  solvr  nianv  assmihiy  prohlrins.  Ilniulrrils  of 
inrtal  anil  inohlril  proilnits  arr  hrin^  niailr  hrttrr 
anil  inorr  rronoinirally  as  a  rrsnlt.  Anmhrrlrss  johs 
an*  ilonr  in  loss  tiino.  with  loss  lahor  ami  tronhio. 

'I’horo  aro  many  oonoorns.  though,  who  aro  missing 
till*  aihanta^os  this  ontstamlin^  assonihly  nioilorni/.a* 
tion  oonlil  ^ivo  thoni.  Ami.  thonsanils  who  now 
ompio}  it  to  a  iloj;roo  oonlil  honofit  fnrthor  hy  apply¬ 
ing  it  to  othor  assonihlios  still  hoin^  niailo  hy  nioro 
ilirTioiilt  anil  costly  niothoils.  So  this  invitation  to 
nso  l‘ark,or-Kalon*s  Assi'inhly  Enjiinoorinj!;  Sorvioe  is 
important  to  rvvry  niannfaotnror. 

PARKER-KALON  CORPORATION  • 


rhion"h  this  Sor\i<*o  any  plant  may  obtain  the  oo- 
oporation  of  an  Knjiinoor  who  hy  reason  of  years 
of  praotioal  i-xporionoi*  ami  a  hroail  knowloilfio  of 
assonihly  niothoils  is  a  specialist  in  his  fiolil.  Ho  soils 
nothin;'.  His  solo  fnnotion  is  to  work  with  interostoil 
on;'inoors  anil  shop  oxoontivos  in  soarohing-ont  all 
opportnnitios  for  cost  roilnotion.  ilosign  simplification 
ami  proilnot  iniprovoniont  that  might  ho  attained 
through  Harilonoil  Self-tapping  Screws.  In  sovon  ont 
of  ton  oases  snoh  soarohos  load  to  worthwhile  honofits, 
without  invostnu'iit  or  radical  changes  of  anv  kind. 

If  hat  Opportunities  exist  in  your  .  issenibly  Work? 
('ortainlv  it  will  pay  to  find  ont  whether  yon  aro 
making  the  fullest  nso  of  this  assonihly  modernization 
that  has  winked  prodnotion  miraolos  on  hnndrods  of 
prodnots  from  artificial  limhs  to  airplanes.  Yonr 
roi|nost  w  ill  bring  a  I’arkor-Kalon  Assonihly  F-nginoor 
to  yon,  without  cost  or  obligation. 

198  VARICK  STREET  •  NEW  YORK 


PARKER'KALON>%»l^  FASTENING  DEVICES 

type"2''3  hex  head  3  A  Type  for  Every  Kind  of  Assembly  ^  type  "a"  ^  type  "u  • 
3  I  ^  % 
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a.v.c.  The  scales  for  <  i  and  A  must  he 
identical. 

In  the  ideal  case  the  curve  obtained 
would  be  a  horizontal  line;  to  approach 
this  condition  the  control  must  be  ex¬ 
tended  to  several  tubes,  or  a  separate 
a.v.c.  tube  must  be  added,  both 
measures  tending  to  increa.se  the  slope 
of  the  curves  .4  and  c  plotted  to 
logarithmic  scales.  The  method  may 
be  extended  to  include  control  of  a-f 
amplifications  by  means  of  c,  or  c. 
If  the  a-f  amplifier  is  to  prinluce  a 
constant  voltage,  its  amplification  must 
be  so  adjusted  that  it  is  inversely  pro- 


it  follows  that 

log  Cl  =  log  Cl  -f  0.6  c  —  6 
or 

log  Cl  =  log  Cl  -f  0.5  c„  —  6 
a  relation  which  represents  the  result 
obtained  with  automatic  volume  con¬ 
trol;  with  Cl  in  microvolts  and  Ci  in 
volts 

c.  =  0.9  10  20  80,000  10"  MV 

Cl  =  0.25  1.6  2.0  8.0  10  volts 

that  is,  when  the  input  voltage  varies 
in  the  ratio  1:1,000,000  the  output  volt¬ 
age  varies  only  from  0.25  to  10. 

In  the  general  case  the  characteristic 
curves  of  the  tubes  are  more  com¬ 
plicated,  and  though  they  may  be  ex¬ 
pressed  in  a  power  series,  graphical 
methods  give  a  more  immediate  picture 
of  the  control  mechanics.  First  the 
voltage  amplification.  A,  is  plotted  as 
a  function  of  the  grid  bias  c  using 
logarithmic  scales;  then,  in  the  same 
system  of  coordinates  but  with  an  ap¬ 
propriate  scale  for  c,  the  output  volt¬ 
age  Ci  is  plotted  as  a  function  of  the 
grid  bias  produced  by  the  a.v.c.  circuit. 

Starting  with  an  arbitrary  value  of 
Ci  on  the  ordinate,  a  parallel  is  drawn 
to  the  c-axis;  it  cuts  the  Ci  curve  in 
a  certain  point;  a  parallel  to  the 
ordinates  drawn  through  this  point 
leads  to  the  value  a  on  the  amplifica¬ 
tion  curve.  On  the  prolongation  of 
the  c-axis  toward  the  right,  the  dis¬ 
tance  a  is  plotted  to  the  left  from  the 
point  chosen  as  Ci  =  1 ;  the  point  ob¬ 
tained  corresponds  to  c ,  and  a  per¬ 
pendicular  at  a  is  draw'n  to  intersect 
with  the  parallel  through  c..  By  re¬ 
peating  the  construction  for  several  portional  to  the  input  voltage  c.,  or 
points,  the  curve  Ci  Ac,  is  obtained;  inversely  proportional  to  c. — 0//dc  el. 
it  represents  the  results  obtained  with  14  No.  164:  561-5.39,  1935. 


A  (ierman  tuninp  control  whose 
scale  moves  like  the  paper  in  a 
typewriter.  The  station  settiofis  are 
printed  on  an  endless  strip  of  cel¬ 
luloid  which  nutves  with  the  hand- 
change  switches 


R-f  Transition 
Losses 


[Continued  front  jnitfe  ,'<>] 

(f)  For  any  given  pha.se  angle, 
the  loss  is  a  minimum  when  the  ah- 
.solute  value  of  the  impedance  ratio 
is  unity.  For  a  phase  angle  of  49°, 
the  minimum  loss  is  one  decilnd. 

Let  it  be  recjuired  to  determine 
the  transition  loss  between  two  im¬ 
pedances,  in  general,  either  or  both 
of  which  may  be  reactive.  The  two 
impedances  are  represented  as 


UNATTENDED  WEATHER  REPORTER  IN  ARCTIC  ZONE 


Zi  —  k\  -l-  ;A’ I ;  /■■  — 
The  net  reactance  is 


The  values  of  two  parameters  U 
and  V  are  then  determined  by  either 
one  of  the  following  alternative  rep¬ 
resentations. 


The  chart  is  readable  more  accu¬ 
rately  when  the  relation  is  u.sed 
which  gives  the  greater  value  of  U. 


The  traii.sitioii  los.s  chart  was  sluiwn  In 
the  presentation  of  ‘‘The  Design  of  Doublet 
Antenna  Systems”  by  the  same  author,  on 
Xovember  20,  103.",,  at  the  Uorliester  Fall 
Meeting  of  the  I.  It.  K. 
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CERnmiC  inSULRTORS 


^"^Jccosnizing  this  most  important  fact, 

'•■X  these  and  many  other  manufacturers 
choose  ISOLANTITE  for  insulating  their  qual¬ 
ity  products. 

Insist  on  Condensers  insulated  with 
ISOLANTITE  for  maximum  stability  and  de¬ 
pendability  in  your  equipment. 

Isolantite  Inc.,  233  Broadway,  New  York, 
N.  y.  Factory  at  Belleville,  N.  J. 


RRDIO  COnOERSER  Ca 
cRmoER,  n.j. 


CEnERRL  RRDIO  CO. 
CRmBRIDCE.mRSS. 


tneCRRDIUELL  mFC.  CORP. 
BROOKLVn,n.V. 
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e  on  gsin  ond  selecfivif) 
,  4he  ■follov^>'^9  shields-.^ 

/%s9xJ4:C-2Vx^'' 
, ;  _  Band-  widih  af  lOx 
•?  2/  kc 


Rt»o"i 


Aladdin 


l-f  transformer  shield  which  best  suits 
your  chassis  design^Use  Aladdin  Polyiron 
Core  Coils  which  give  you  the  best  performance 


The  superior  characteristics  of  Aladdin 
Polviri>n  ci>re  i-f  coils  improve  the  perform¬ 
ance  ofanv  mtKlern  receiver  design.  Improved 
performance  means  increased  sales  and 
prt>fits  for  ’36. 

The  keen  competition  of  mixlern  radio 
retailinK  ft>rces  consideration  of  everv  detail 
which  will  improve  the  performance  and 
appearance  »>f  a  radio  chassis. 

Yt>u  can’t  honestlv  ignore  the  advantages 
of  Aladdin  I’olviron  coils  in  vt>ur  designs. 


Aladdin  Polvinm  core  coils  are  available  for 
antenna,  radio  frequencv,  and  intermediate 
frequency  transformer  applications  in  auto, 
home,  and  communication  receivers.  Special 
couplers  are  designed  for  hand  expansion  in 
i>ne  or  two  steps. 

Send  for  Polviron  Data  Sheet  1135  for 
latest  complete  list  of  sti>ck  coils  and  their 
characteristics.  Full  engineering  cwperation 
is  available  to  recognized  manufacturers  who 
wish  to  improve  existing  designs  with 
Aladdin  Polvirim  core  coils. 


Demonstration  of  a  type  C  Aladdin 
transformer  in  cathode  ray  compari¬ 
son  test  with  a  large  air  core  i-f  trans> 
former  at  optimum  gain  adjustments 
exhibited  before  the  Rochester  I.  R.  £. 
convention,  November  26.  In  the 
double  exposure  photograph,  the 
higher  oscillograph  curve  is  that  of  the 
small  Aladdin  transformer  at  the  left; 
the  lower  curve,  that  of  the  large  air 
core  unit  at  the  right. 


Aladdin  Radio  Industries,  Inc. 

466  W.  Superior  St.,  Chicago,  III. 

Licensee  of  Johnson  Laboratories,  Inc. 

These  devices  are  manufactured  under  one  or  more  of  the  following 
patents:  1887380,  1978599,  1982690,  1940228,  1978600,  1997453,  1978568, 
1982689,  2005203,  2002500,  2018626.  Other  patents  pending. 


Aladdin 
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one  ridge  at  a  time  along  a  curve  hav¬ 
ing  the  shape  of  an  inverted  V.  The 
highest  points  of  the  ridges  trace  a 
hyperbola  when  projected  upon  the 
horizontal  plane,  the  peaks  lying  not 
far  from  the  point  R. 

While  giving  higher  voltages  at  the 
grid  of  the  first  tube,  this  region  has 
the  disadvantage  that  tuning  is  not 
very  sharp  since  a  perpendicular  plane 
parallel  to  l/wCa  either  cuts  the  saddle 
or  runs  nearly  parallel  to  one  of  the 
ridges.  Better  tuning  can  be  obtained 
as  a  rule  for  small  values  of  wl„,  that 
is  without  attempting  to  adjust  the 
antenna  circuit  since  perpendicular 
plane,  which  cuts  the  ridges  along  a 
curve  representing  the  changes  in 
l/oiCi  is  then  nearly  at  a  right  angle 
to  the  ridge.  Tests  with  an  antenna 
12  m.  long  receiving  a  470-m.  wave 
(w  =  4x10")  and  a  249-m.  wave 

(w  7.57  X  10")  prove  this  point. 
(Capacitance  of  the  antenna  about  85 
MMf.). 

A  different  system  of  ridges  is  ob¬ 
tained  for  each  incoming  frequency. 
It  may  be  shown  that  when  using  an 
antenna  which  can  be  tuned  to  the  in¬ 
coming  wave,  the  larger  values  of 
u>Li  and  the  correspondingly  smaller 
values  of  the  coupling  factor  — 
M'/LiLi  increases  the  chances  that  two 
stations  interfere  in  the  receiver.  The 
use  of  variable  antenna  circuits  offers 
therefore  practicallv  no  advantages. — 
H.  fr.  Tech.  El  Ak.  45  (No.  0):  198- 
204.  1935. 


Reception  With 
Short  Antennas 

IE.  Siegel,  Professor  at  the  Univer.s- 
ity  of  Prague]  Provision  can  be  made 
either  for  adjusting  the  antenna  cir¬ 
cuit  by  means  of  a  variable  induc¬ 
tance  Li  in  series  with  the  coupling 
coil  (partial  resonance  P)  or  for  ad¬ 
justing  the  secondary  capacitance  (par¬ 
tial  re.sonance  S).  When  the  voltage 
produced  at  the  grid  of  the  first  screen 


Details  of  British  Television 
Systems  Annoiiiiced 

The  table  below'  describing  the  tech¬ 
nical  features  of  the  two  major  tele¬ 
vision  .systems  now  being  developed 
in  Great  Britain  for  public  use  is  re¬ 
peated  from  the  U'/rc/c.s.s  World,  Vol. 
37,  No.  14,  page  371. 


Number  of  frames  iM*r  picture 
|H‘r  s«»ru!ul 

Number  of  Hues  imt  picture 
l>er  frame 
l»er  secoiiil 

Picture  rath» 

Number  of  Hues  111  i  nchroulsbus 
each  frame  for  i  wIkIiik 
*  picture 

ProiNirt  loll  of  each  \  t»t*hrt»iilsliiK 
Hue  (levottHi  to  i  black  (mIkidk 
'  picture 
i  whole  Hue 
.  \  synchronising 

Total  time  in  ^H.rtloii 

inlcro-secomls  •  pijick  e^lKlnie 
i  IMirtloii 
'  plrturr  |M>rtl<iii 
1  whole  frame  I 
1  ayiiehroiil.sltiK  | 

Total  lime  liimllll-  portion  i 

seeoml.s  of  i  hlark  etlKliiR 

I  portion  I 

'  picture  iMirtloii' 
.  ■  ■  '  ■  '  frame  i 


Katio  of  hlark  etliflUK  to 
picture.  1  e  .  stroke  to  . 

II) -bark  of  tlme-ha.se  )  line 
ItaiiKe  of  miKlulatlon  tleplh  for 
black  to  while  In  picture 
Tolerance  iliirlnit  iiroKramme 
.kdilltloiial  (lay  t<i  day  tolerance 
itaiiKe  of  iiKMlulutlon  ile|ith  for  s)  n- 
rhronl.sint; . 


Antenna 

circuit 


The  Radio  (’orboratio.n  of  .\nu*rica 
announced  that  the  net  income  of  this 
organization  for  the  fir.st  nine  months 
of  1935  was  $2,801,000,  an  increase  of 
more  than  25  per  cent  over  the  cor¬ 
responding  period  of  1934. 


grid  tube  is  represented  by  a  vertical 
line  of  length  Ei  for  each  pair  of 
values  wLi  and  l/wC”,  (where  w  =  6.28 
times  frequency  and  wL  and  1/wCj  are 
plotted  in  a  horizontal  system  of  co- 
oi'dinates),  the  points  obtained  form 
two  mountain  ridges,  each  one  with  a 
sharp  bend  at  a  nearly  right  angle 
near  the  highest  points^  The  first 
ridge  starts  with  a  relatively  low  al¬ 
titude  near  the  point  1/wCj  =  zero  and 
wL,  =  /u>Cu  and  runs  parallel  to  the 
lluiCi  axis  (or  X-axis),  but  when  it 
approaches  the  point  R  at  which 
l/wCt  —  wLi,  it  makes  a  sharp  bend 
and  runs  for  the  rest  of  its  cour.se 
parallel  to  the  wLi  (or  Y-axis)  towards 
larger  and  larger  values  of  wLu  For 
larger  values  of  HwCt,  on  the  other 
hand,  the  second  ridge  runs  also  par¬ 
allel  to  the  wLi  axis  but  from  the  op¬ 
posite  direction,  near  the  point  R  for 
which  l/wCj  =  o}Lt  and  wLi  = 
l/«Ci  (resonance)  it  turns  and  runs 
for  the  rest  of  its  course  parallel  to 
the  1/uCa  axis  toward  large  and  larger 
values  of  l/wCa.  The  two  ridges  are 
connected  by  a  saddle  in  the  center  of 
which  lies  the  point  R  for  which  the 
antenna  as  well  as  the  grid  circuit  are 
tuned  to  the  incoming  wave  of  angular 
velocity  w.  In  practice  the  antenna  cir¬ 
cuit  is  left  untuned,  wLi  being  much 
smaller  than  l/otCi. 

A  perpendicular  plane  parallel  to  the 
1/wCj  axis  (and  corresponding  to  par¬ 
tial  resonance  S)  or  parallel  to  the 
wLt  axis  (partially  resonance  P)  cuts 


WEATHER  DATA  RADIOED  FROM  1 FEET 


A  radio  meteorograph  of  the  Blue  Hill  Observatory,  Hart'ard  I'niversity,  is 
carried  aloft  17,000  feet  each  day  by  Pilot  A.  V.  Marsh  and  his  assistant- 
R.  De  Gregorio.  The  instrument  radios  the  barometric  pressure,  tempera¬ 
ture  and  humidity  automatically  to  the  observatory  below 
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NEW  FORMICA  TUBING 


that  Machines 


In  the  now  VIIT  tnbo  Formioa 
ha)>»  pmdn€*od  a  ba^o  for 
induotano4*»<i  whioh  ha^  many  advantages  over  any 
tub«^  |ir4^vbinsly  offered.  €*sp«M*ially  fiir  mass  pro- 
dnoti«»n  .  .  .  This  tnbi*  piinoln^s  ninoh  better,  threads 
bett«»r  and  wtirks  b€^tt€«r  than  any  F€»rniioa  tnbing 
priwiiiusly  available  ...  It  is  the  equivah^nt  eleo- 
trioally  of  the  prtwions  YICT  tnbing.  but  nietdianioally 
it  is  :t0  pi^r  rent  ni«»re  flexible  ...  Ask  fttr  samples  €»f 
this  modern  tube. 

THE  FORMICA  INSULATION  COMPANY 

4638  Spring  Grove  Avenue,  Cincinnati,  Ohio 


OKMICS 


( 
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MANUFACTURING  REVIEW 


Names  in  the  News 

Walter  E.  Holland  has  resijjned  as 
an  officer  and  director  of  Philco  after 
eighteen  years  of  active  service  with 
that  organization.  Mr.  Holland’s  radio 
career  included  such  positions  as  chief 


engineer  of  the  Edison  Storage  Battery 
Company,  director  of  the  Engineering 
Division  of  the  R.M.A.  and  as  Philco’s 
radio  director  since  Philco  has  been 
engaged  in  radio.  Mr.  Holland  is  tak¬ 
ing  this  step  because  of  poor  health 
and  will  spend  the  winter  on  his  re¬ 
cently  acquired  ranch  at  Paul  Spur, 
Arizona. 

♦  Carrington  H.  S'one,  export  sales 
engineer  of  electronic  equipment  was 
recently  elected  chairman  of  the  Mid- 
West  Section  of  the  Society  of  Motion 
Picture  Engineers  and  member  of  the 
board  of  governors  of  the  parent 
society. 

♦  Don  Bartlett  has  recently  been  ap¬ 
pointed  to  an  executive  position  on  the 
production  staff  of  Erpi  Picture  Con¬ 
sultants,  250  West  57th  St,,  New 
York,  N.  Y. 

♦  W.  C.  Stevens  has  been  appointed 
vice-president  in  charge  of  engineering 
for  Cutler-Hammer,  Inc.,  Milwaukee, 
Wisconsin.  Mr.  Stevens  has  been  with 
this  organization  30  years,  devoting 
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most  of  his  time  to  engineering  work 
and  serving  in  the  capacity  of  chief 
engineer  for  the  past  several  years. 

♦  Frank  Zanibrino  has  returned  as  Chi¬ 
cago  Manager  of  Radio  Transcription 
Company  of  America,  after  an  absence 
of  six  months  in  San  Diego,  California. 
Ben  Crose  returned  to  Hollywood  as 
Coast  Manager;  Lindsay  MacHarrie  re¬ 
turned  to  his  post  as  production 
Manager. 


New  Prodiiets 

TuIm'S 


New  Raytheon  types.  From  Raytheon 
Production  Corporation,  30  East  42nd 
Street,  N.  Y.  City,  comes  a  description 
of  three  new  metal  tubes  all  with  octal 
bases:  0X5,  25 AO  and  25Z0.  The  0X5, 
a  full  wave  high  vacuum  rectifier,  has 
a  maximum  plate  voltage  of  350  and  a 
peak  inverse  voltage  of  1,250  volts. 
This  tube,  developed  primarily  for  use 


in  automobile  receivers,  is  3i  inches 
long  and  IrV  inches  in  diameter.  Type 
25AG,  for  use  as  a  Class  A  amplifier, 
with  a  plate  voltage  of  180  volts  has  a 
power  output  of  2.75  watts;  grid  voltage 
— 20;  amplification  factor  90;  mutual 
conductance  2,400  micromhos;  plate 
current  40  ma.  Type  25Z0,  for  use  as 
a  rectifier  in  power  supply  applications 
where  a  transformer  is  not  employed, 
has  a  plate  voltage  of  125  volts;  d-c 
load  current  of  85  ma.  and  a  peak  plate 
current  of  500  ma.  per  plate.  Overall 
length  3J  inches;  diameter  1 1'«  inches. 

L’ltra-high  frequency  triodes.  Am- 
perex  Electronic  Products,  Inc.  79 
Washington  Street,  Brooklyn,  New 
York,  announce  two  new  tubes  suitable 
for  high  frequency  work.  Model  HF 
300,  when  used  as  a  Class  C  oscillator 
or  power  amplifier  at  a  frequency  of 
00  megacycles,  is  described  by  the  man¬ 
ufacturers  as  having  the  following 
characteristics:  Plate  dissipation  200 
watts;  plate  voltage,  3,000  volts  a.c., 
2,200  volts  d.c.;  plate  current  275  ma.; 


(tower  output,  400  to  OtOO  watts.  Over¬ 
all  length  lOi  inches;  diameter  3 
inches.  Model  11 F  200,  somewhat 
smaller  in  size,  has  a  plate  dissipation 
of  150  watts;  plate  voltage  2,500  volts 
a.c.,  2,000  volts  d.c.;  plate  current  20(1 
ma.;  power  output,  250  to  350  watts. 
Overall  length  9i  inches;  diameter  2. 
inches. 


Triodes.  Eitel-McCullough,  Inc.,  San 
Bruno.  California,  announces  two  addi¬ 
tions  to  their  tube  line.  Eimac  50T,  a 
50  watt  tube,  has  the  following  charac¬ 
teristics:  Plate  current  .125  amperes; 
amplification  factor  12;  maximum  plate 
voltage  3,000  volts;  maximum  plate 
dissipation  75  watts;  maximum  gri<l 
current  .0.30  amperes;  overall  height  71 
inches;  maximum  diameter  3i  inches. 
Type  150T,  a  medium  powered  radia¬ 
tion  cooled  triode.  Plate  current  .200 
amperes;  amplification  factor  13;  maxi¬ 
mum  plate  voltage  3,000  volts;  maxi¬ 
mum  plate  dissipation  150  watts; 
maximum  grid  current  .050  amperes; 
overall  height  10  inches  and  maximum 
diameter  3?  inches. 


New  RC.V  Metal  types.  RC.4  .Manu¬ 
facturing  Company  announce  three  new 
all-metal,  octal-base,  radio  tubes,  desig¬ 
nated  as  RCA-eQ7,  RCA-25A0  and 
RC.'\.-25ZG.  Type  GQ7,  a  duplex-diode 
high-mu  triode,  has  a  maximum  plate 
voltage  of  250  volts;  a.iiplification 
factor  70;  plate  resistance  58,000 
ohms;  mutual  conductance  1,200  mi¬ 
cromhos.  Type  25AG,  a  power  ampli¬ 
fier  pentode,  has  a  maximum  plate 
voltage  of  180  volts;  amplification 
factor  95;  mutual  conductance  2,400 
micromhos,  power  output  2.75  watts. 
This  tube  is  31  inches  long  and  has 
a  diameter  of  lA  inches.  Type  25Z0, 
a  high-vacuum  rectifier-doubler,  as  a 
voltage  doubler  has  a  maximum  plate 
voltage  of  125  volts,  a  500  ma.  peak 
plate  current  and  a  d-c  output  current 
of  85  ma.  In  half-wave  rectifier 
service,  these  characteristics  are  the 
same,  and  the  two  units  may  be  used 
separately  or  in  parallel. 
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250  watt  tube.  United  Type  304A, 
triode,  completely  mounted  on  tw'o 
channel  members  to  insure  constant 
maintenance  of  electrical  character¬ 
istics.  Amplification  factor  25.  Fila¬ 
ment  voltage  11.  Plate  current  0.125 
amperes.  Mutual  conductance  4,000 
Mmhos.  Class  B  carrier  output  100 
watts.  Plate  dissipation  250  watts. 
Class  C  maximum  output  350  watts. 
Maximum  length  142  inches;  maximum 
diameter  4tV  inches.  United  Elec¬ 
tronics  Company,  New’ark,  New’  Jersey. 

R-f  amplifiers.  Hygrade  -  Sylvania 
Corporation  announces  two  new  r-f 
amplifiers,  types  1A4  and  1B4.  Type 
1A4,  similar  to  the  older  type  34,  has 
an  amplification  factor  of  525;  plate 
resistance  750,000  ohms;  mutual  con¬ 
ductance  at  — 15  volts  grid  bias,  15; 
output  capacity,  11.0  mmf.;  type  1B4, 
with  substantially  the  same  circuit  ap¬ 
plication  as  type  32,  has  an  amplifica¬ 
tion  factor  of  650;  plate  resistance 
1,000,000  ohms;  output  capacity,  11.0 
mmf.  This  company  also  announces 
the  type  10  tube,  with  a  low-loss  base 
for  amateur  work,  and  the  type  6E5, 
primarily  for  use  as  a  visible  tuning 
indicator  of  the  electron-ray  type. 

•  •  • 

Assemblies 

.4ngle  Switching.  By  the  use  of 
inductive  generators  on  motor  shafts, 
grid-glow  tubes  and  high  speed  relays 
in  the  field  closing  circuit.  Westing- 
house  has  overcome  the  difficulty  aris¬ 
ing  from  the  time  required  for  the 
usual  relays  and  contactors  to  function 
in  starting  up  synchronous  motors. 
This  angle  switching  device  was  sup¬ 
plied  for  four  hundred  hp.  225  r.p.m. 
199  volt  three-phase,  60-cycle  100  per 
cent  pf.  synchronous  motors  used  for 
air  conditioning  the  new  Kansas  City 
Auditorium. 

Welding  Timers.  A  new  line  of 
timers,  developed  by  the  Welding  Timer 
Corporation,  Chrysler  Building,  New 
York  City.  No.  1,  for  30  and  50  am¬ 
peres,  one  unit;  No.  2,  for  75  and  150 
amperes,  one  unit;  No,  3,  for  250  am¬ 
peres,  made  in  two  units. 

Electronic  Gage.  A  semi-automatic 
gage  for  manual  operation  on  mate¬ 
rials  up  to  and  including  one  inch  in 
diameter;  has  a  sensitivity  of  0.000002 
in.,  and  can  be  set  to  within  0.00001  in. 
It  employs  three  lights  on  the  top  of 
the  gage,  operated  by  three  “inspec- 
tron”  vacuum-tube  relays.  Objects  can 
be  sorted  into  three  classes,  for  ex¬ 
ample,  if  piston  pins  were  being 
checked  the  tolerance  would  be  as  fol¬ 
lows:  All  under  1.0000",  undersize;  all 
1.0000"  and  under  1.0001",  first  good 
size,  first  station,  one  light;  all  between 
1.0001"  and  1.0002",  second  good  sort¬ 
ing,  second  station,  two  lights;  all  over 
1.0002",  oversize,  third  station,  three 
lights.  Works  on  110  volts  a.c,,  50  or 
60  cycles.  U.  S.  Patents  1980816  and 
1963554,  other  patents  pending.  Devel¬ 


oped  by  Electronic  Inspection  Labora¬ 
tories,  942  Prospect  .Avenue,  Cleveland. 

Switch.  A  cam  lever  switch  for  use 
in  circuits  where  the  break-down  re¬ 
quirements  do  not  exceed  2,500  volts. 
The  overall  dimensions  of  the  type 


illustrated,  A-20291-A,  are  2i  inches 
wide,  5j  inches  long  from  handle  to 
end  of  contacts,  and  11  inches  thick. 
The  Gamew’ell  Co.,  Newton,  Mass. 

Communication  Receiver.  Hammar- 
lund  “Super  Pro”  a  16-tube  super¬ 
heterodyne  designed  primarily  for 
amateur,  experimental  and  broadcast 
reception.  Frequency  range  from  20 
me.  to  540  kc.  with  direct  dial  calibra¬ 
tion  throughout.  List  price  is  $330, 
with  quartz  crystal  filter  $360.  Manu¬ 
factured  by  the  Hammarlund  Mfg.  Co., 
424  W.  33rd  St.,  New  York  City. 

•  •  • 

Souiiil  E<iuipnieiit 

Recording  Disk.  The  Presto  Record¬ 
ing  Corp.,  139  W.  19th  St.,  New  York, 
announces  the  Green  Seal  Disc.,  a  non- 
breakable  acetate  coated  aluminum  di.sk 
of  extremely  hard  surface.  6,500  cycles 
lateral  recording,  9,000  vertical  record¬ 
ing.  Provided  with  three  center  holes 
to  prevent  slippage  during  cutting. 

Pickup.  Audak  Company,  500  Fifth 
Avenue,  New  York  City,  announces  a 
compact  pickup.  Model  No.  100,  for  use 


in  portable  and  midget  combinations. 
It  is  exceptionally  flat  in  construction, 
and  light  in  weight. 

.Amplifiers.  A  new  high  gain  am¬ 
plifier,  model  SH3,  with  a  minimum  of 
components.  It  has  a  gain  of  73  d.b. 
when  driven  from  a  500  ohm  source; 
either  2.5  volt  or  6.3  volt  filament  tubes 
may  be  used  interchangeably;  has  an 
output  impedance  matching  any  load 
of  20,000  ohms  or  higher;  frequency 
response  plus  or  minus  \  d.b.  from  25 
to  9,000  cycles.  The  amplifier  meas¬ 
ures  3x9x9  and  can  be  mounted  in 
any  position  including  rack  mounting. 
Bruno  Laboratories,  20  W.  22d  St., 
New  York  City. 


Loudspeaker  system:  The  .Shearer 
Two-way  Sound  System,  designed  at 
the  Metro-Goldwyn-Mayer  Studio,  con¬ 
sisting  of  four  15  inch  dynamic  speak¬ 
ers,  Lansing  No.  15X29,  mounted  be¬ 
hind  an  exponential  horn  terminated 
with  a  flat  baffle,  for  covering  fre¬ 
quencies  up  to  300  cps,  and  2  moving 
coil  speakers,  Lansing  model  284,  for 
covering  frequencies  from  300  ci»s  up. 
The  high  frequency  units  operate  into 
a  multi  -  cellular  exponential  horn. 
Suitable  for  use  in  small  and  nu'dium 
size  motion  picture  theaters.  .Also  a 
smaller  unit  (not  illustrated)  for  use 
in  small  projection  rooms,  consisting 
of  one  15X29  and  one  199-11 E  Ljinsing 
speakers  for  low  and  high  fre<iuencie.s. 


respectively.  Manufactured  by  the  Lan¬ 
sing  Manufacturing  Co.,  6920  McKinley 
.Avenue,  Los  .Angeles,  California. 

Recorder.  The  Universal  Microi)hone 
Co.,  of  Inglewood,  California,  has  com¬ 
pleted  an  improved  model  of  their 
No.  12  recorder,  in  which  the  recording 
head  from  the  professional  recorder  is 
a  part  of  the  assembly.  It  is  of  the 
four-pole,  double  coil,  center  pivot  type 
operating  on  the  push-pull  principle. 
The  cutter  is  J  in.  thick,  1  in.  wide  and 
3  in.  long.  The  turntables  are  heat 
treated  and  lathe-turned  and  the  guide 
arm  for  the  lead  screw’  is  hinged  over¬ 
head  to  permit  ease  of  handling.  Ten¬ 
sion  screws  are  provided  t(»  permit  the 
adjustment  of  weight  on  the  stylus. 

•  •  • 

l*arts  and  .Materialh 

Ceramic  -  Dielectric  Condensers.  .A 
new’  dielectric  material  known  as  Cro- 
lite  dielectric  has  been  developed  by 
the  Henry  L.  Crowley  Co.,  of  West 
Orange,  N.  J.  Dielectric  constants  of 
from  50  to  170  are  reported  for  this 
material.  Samples  subjected  to  volt¬ 
ages  of  1,200  d.c.  and  440  a.c.,  produce 
no  leakage.  Has  high  voltage  break¬ 
down. 

IMastics.  From  General  Plastics,  Inc., 
North  Tonaw’anda,  New  York,  an  an¬ 
nouncement  of  the  use  of  Durez  as 
housing  for  a  new  milliammeter  of  the 
Hickock  Electrical  Instrument  Com¬ 
pany,  and  as  the  body  of  the  new  Arvin 
auto  radio  control. 
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Howard  O.  Kelly  —  Sufterrisor  of  Minneapolis  Police  Radio 
Stations  hCPlt  and  KCPR  —  holds  veteran  251 A  in  front  of 
if  estern  Electric  transmitter  where  it  served  more  than  5  years. 


May  30,  1930,  this  Westurn  Electric  tube  joined  the  Minneapolis 
Police.  21  hours  a  day,  7  days  a  week  its  filament  was  lighted.  In  May  1935  it  was  removed  tempor¬ 
arily —  returned  to  its  socket.  November  18,  1935,  it  was  finally  retired.  C.  During  all  its  16,128 
hours’  service,  no  readjustment  of  the  Western  Electric  transmitter  was  needed  to  compensate  for 
failing  off  emission  —  nor  did  the  griil  bias  have  to  be  juggled.  The  tube  was  doing  a  100%  job  all  the 
liiiH‘1  <1,  Tliat  shows  the  4|nalitv  and  long  life  that  Western  Electric  builds  into  tubes. 


Speaker.  A  new  permanent  majrnet 
electro-dynamic  speaker,  in  6,  8,  10 
and  12  inch  sizes,  of  which  the  12  inch 
model  is  shown  in  the  illustration. 
This  speaker  is  compact,  and  is  avail¬ 
able  in  several  models  su^rgested  for 
use  in  battery  operated  radio  receivers, 
and  public  address  systems.  Manufac¬ 


tured  by  Jensen  Radio  Manufacturinjr 
Company,  6601  S.  Laramie  Avenue, 
Chicago,  Illinois. 

Meter.  A  compact  meter.  Type  No. 
573,  made  in  all  popular  d-c  ranges  as 
a  milliammeter,  ammeter  and  volt¬ 
meter;  sensitivity,  75  m.v.  in  the  1  m.a. 
range;  molded  case;  4i  inches  square; 


mounts  through  a  2J  inch  panel  hole. 
Manufactured  by  the  Hoyt  Electrical 
Instrument  Works,  755  Boylston  Street, 
Boston,  Massachusetts. 

Insulator.  The  new  wafer  insulator  to 
be  used  on  the  6A8,  6L7  or  6K7 
Raytheon  tube,  has  been  developed  by 
the  engineers  of  that  organization  in 
their  laboratory  at  Newton,  Massachu¬ 
setts.  Raytheon  reports  that  this  ma¬ 
terial  has  the  mechanical  strength  of 
the  strongest  material  previously  used 
but  much  lower  losses  at  the  high  fre¬ 
quencies. 

Resistor.  A  high-resistance  carbon 
brush,  designed  to  act  as  a  “cushion” 
to  absorb  interference  waves  on  short¬ 
wave  sets  used  in  cars  where  the  coil 
and  distributor  are  combined  in  a 
single  unit,  and  a  high  resistance 
cannot  be  placed  in  the  wiring  circuit 
between  distributor  and  the  coil.  Type 
1-RS,  manufactured  by  the  Ohio  Car¬ 
bon  Company,  12508  Berea  Road,  Lake- 
wood,  Ohio. 


Anti-noise  E(|ui}nnent 

Suppressor.  A  new  device  perfected 
by  the  engineers  of  the  Consolidated 
Wire  &  Associated  Corporations,  Chi¬ 
cago,  Illinois,  for  the  elimination  of  auto 
radio  noise.  This  “filtron  Robotrol” 
operates  on  the  phase-inverter  prin¬ 
ciple  of  setting  up  a  counter  disturb¬ 
ance  of  adjustable  intensity  to  balance 
out  the  ignition  interference,  but  not 
impairing  the  motor  efficiency.  List 
price  $2.50. 

.4nti-Xoise  Device.  A  device  for 
eliminating  noise  on  ultra-high  fre¬ 
quency  radio  receivers  consisting  of  a 
neon  tube  which  short  circuits  the  audio 
amplifier  when  no  carrier  is  being  re¬ 
ceived.  Manufactured  by  the  Western 
Electric  Co.,  105  Broadway,  New  York 
City. 

Shortwave  .Antenna.  A  tuned  short¬ 
wave  antenna  claimed  to  provide  four 
times  the  signal  strength  as  the  best 
existing  doublet  system.  A  special  tun¬ 
ing  unit  covers  the  range  from  1,700  to 
33,000  kc.,  and  thus  making  the  antenna 
resonate  throughout  this  band.  List 
price  $14.75.  Manufactured  by  Mc- 
Murdo  Silver,  3354  N.  Paulina  .St.,  Chi¬ 
cago,  Ill. 

Component  .Analyzer.  .An  analyzer 
for  testing  the  components  of  a  radio 
receiver,  coils,  condensers,  resistors, 
manufactured  by  the  Triumph  Manu¬ 
facturing  Co.,  4017  West  Lake  Street, 
Chicago,  Ill.  Net  price  $10.05.  Ranges: 
resistance  5  to  2,000,000  ohms;  capacity 
50  micromicrofarads  to  20  mfd. — in¬ 
ductance  50  microhenries  to  20  milli¬ 
henries. 

Noise  Filters.  A  series  of  noise 
reducing  filters  for  use  on  supply  lines 
rated  to  carry  5  amp.  a.c.  or  d.c.,  list 
prices  40  cents  to  $1.50.  Manufactured 
by  the  Continental  Carbon,  Inc.,  13000 
Lorain  Ave.,  Cleveland,  Ohio. 

Noise  Analyzer.  An  analyzer  used 
to  determine  what  values  of  condensers 
or  chokes  are  needed  to  eliminate  r-f 


noise  from  small  appliance  motors,  oil 
burners,  etc.  Manufactured  by  the 
Sprague  Products  Co.,  North  Adams, 
Mass. 


Induslrv  Nole.'^ 

♦  .Astatic  Microphone  Company  has 
moved  to  a  new  factory  at  830  Market 
St.,  A'oungstown,  Ohio.  The  new  head¬ 
quarters  are  designed  to  accommodate 
the  offices  and  the  plant,  which  com¬ 
bined,  utilize  about  four  times  as  much 
floor  space  as  previously  occupied  by 
this  organization. 

♦  Audio  Produrti«»ns,  Inc.,  has  recently 
comjileted  the  installation  of  new 
optical  printing  equipment  in  its  studio 
headquarters  at  56th  Street  and  10th 
.Avenue,  New  York  City.  This  ap¬ 
paratus,  designed  by  the  .Akeley 
Camera  Company,  is  to  be  under  the 
direction  of  .Alex  (lansell,  in  charge  of 
trick  i)hotography  and  optical  printing. 


•  •  • 


Lilt' rat  II  re 

♦  Magnetic  Materials  Practice.  Loose- 
leaf  bulletin  “Magnetic  Core  Materials 
Practice”  issued  by  the  .Allegheny  .'stetd 
Company,  Breckenridge,  Pennsylvania. 

♦  Condensers  and  Resistors.  .A  new 
catalog,  bringing  the  entire  .Aerovox 
line  of  condensers  and  resistors  up  to 
date.  .Aerovox  Corporation.  70  Wash¬ 
ington  .street,  Brooklyn,  N.  Y. 

♦  Microphones.  A  condensed  catalog 
of  the  most  impt)rtant  items  in  their 
line,  published  by  the  Shure  Brothers 
Company,  215  W.  Huron  Street.  Chi¬ 
cago,  Illinois, 

♦  Condensers.  Catalog  No.  7-.S.  issued 
by  Solar  Manufacturing  Corporation 
.500  Broadway,  N.  Y.  City,  includes  de¬ 
scriptions  of  their  entire  condenser  line. 

♦  (Quartz  Crystals.  .A  sixteen  page 
catalog  describing  ({uaitz  crystals, 
holders  and  ovens  for  transmitters, 
single  signal  filters  and  standard  fre¬ 
quency  bars,  issued  b>  the  Bliley 
Electric  Company,  201  Union  .Station 
Building,  Erie,  Pennsylvania. 

Electrical  Instruments.  Electrical 
Measuring  Instruments,  lor  research, 
teaching  and  testing,  is  described  as 
“Broadside  ?],”  by  the  Leeds  &  Northrup 
Company,  4001  Stenton  Avenue,  Phila¬ 
delphia,  Pennsylvania. 

•♦■Ceramic  Insulation.  Bulletin  No.  34 
describing  electrical  and  mechanical 
uses  of  ceramic  products  of  the  Ameri¬ 
can  Lava  Corporation,  Chattanooga. 
Tennessee. 

•♦Transformers.  Amer.-Tran.  News, 
Vol.  1,  No.  1.  American  Transformer 
Company’s  new  house  organ,  ■which, 
they  advise,  will  be  published  at  more 
or  less  regular  intervals. 
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GOAT  RADIO  TUBE  PARTS 


A  DIVISION  OF  THE  FRED  GOAT  COMPANY  •  INC  •  Established  1893 


ENAMELITZ 


Reduce  manufacturing  costs  on  I.F.  and  R.F 
coils  through  the  use  of  Enamelits — "Litz"  wire 
without  a  fabric  covering. 

Three  Fold  Savings — 

1.  Cost  of  wire 

2.  More  coils  per  pound  of  wire 

3.  Less  space — Greater  safety 

Sample  and  Teebaieal  Bulletin  on  Request. 


Other  Acme  Wire  Co.  Products 

Magnet  Wire  (all  insulations) 

Coils,  Magnet  Wire  Wound 
Varnished  Insulations 

(Cambric,  paper,  silk,  tape) 

Parvolt  Condensers 

(Filter,  By-pass,  Power  Factor  Correction) 

Aerial  Wire 

f  Stranded  and  Solid — Bare  or  Enameled) 

For  ovmr  2S  Years,  suppliers  to  the  largest  radio  and 
electrical  manufacturers. 

THE  ACME  WIRE  CO. 

New  Haven,  Conn. 


Metal-Clad 


1^ 


Mftal  •  case  paper 
conprnsers  ...  all 
types,  sizes,  capac¬ 
ities.  voltapes.  cosi- 
kinatiens. 


Oil-imprepnatep  eil- 
Ailed  anits  fortraas- 
mittinp  and  heacy- 
daty  fanctions. 


Heavy  •  daty  aiica 
anits  in  metal  cases. 


Metal-can  dry  and 
wet  electrolytics  .  .  . 
the  preatest  variety 
for  all  needs. 


Maximum  meehaiiit-ul  and  rliiiiatir  protpr- 
tion.  .VNo  ftrvateot  eye  appval.  Whether 
wax-tilled  or  oil-tilled  paper,  dry  or  wet  elee- 
trolyticH,  or  heavy-duty  iiiiea.  .\KKOTUX 
metal-raNevI  roiideio.erH  denote  your  bid  for 
loiiKeHt.  mo>,t  eeoiiomieal  and  best  serviee.  in 
those  belter  grade  radio  sets  anil  eleetronie 
assemblies. 

I)  A  New  lIKhJ  Catalog,  together  with 
sample  copy  of  nionthly  Keseareh 
Worker,  sent  on  request.  Submit  your  con¬ 
denser  and  resistor  problems  for  engineering 
eollabonition  and  <|Uotations. 


— '  “  CORPORATION 

73  Washington  St.  Brooklyn.  N.  Y. 
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•  The  largest  manufacturer  of  Tube  Shields. 

•  The  largest  independent  manufacturer  of  parts  for 
glass  and  metal  radio  tubes. 

•  This  position  was  attained  not  by  accident,  but  by 
supplying  parts  of  the  highest  quality  at  very  rea¬ 
sonable  prices,  and  through  many  years  of  prompt 
and  reliable  service  to  the  industry. 

•  Goat  also  manufactures  parts  for  power  and 
cathode  ray  tubes,  and  for  special  tubes  of  all 
descriptions. 

314  Dean  St.,  Brooklyn,  N.  Y. 
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PATENTS  REVIEW 


T^ATENTS  indicate  trends.  Next  year's  radio  circuits, 
^  applications  of  electron  tubes  for  non-communication 
purposes,  new  tube  types,  new  materials,  may  be  discovered 
by  following  United  States  and  British  inventions. 


Radio  Circuits 

Altimeter.  Electrical  waves  are  radi¬ 
ated  from  an  antenna  on  an  aircraft 
and  are  caused  to  produce  reflection  of 
the  waves  from  the  earth’s  surface. 
The  change  in  the  characteristics  of  the 
received  wave  from  the  transmitted 
wave  is  a  function  of  the  distance  above 
ground.  Stuart  Ballantine,  RCA.  No. 
2,020,347. 

Modulation  system.  This  patent  filed 
Oct.  25,  1920,  44  claims  to  R.  A.  Heis- 
ing.  Western  Electric  Co.,  Inc.,  relates 


to  constant-current  method  of  ampli¬ 
tude  modulation.*  No.  2,018,401. 

Recording  method.  A  device  for  ob¬ 
taining  sound  from  printed  impressions 
on  paper  of  light  fluctuations.  Morris 
Grossman,  New  York,  N.  Y.  No. 
2,006,890. 

Volume  level  control.  In  a  sound 
control  system,  method  of  controlling 
sound  waves  for  maintaining  the 
volume  level  of  the  amplified  pulsa¬ 
tions  substantially  constant,  compris¬ 
ing  a  recorder  for  receiving  and 
recording  the  amplified  constant  vol¬ 
ume  electrical  pulsations,  etc.  Ferguson 
Hall,  Schenandoah,  Iowa.  No.  2,004,- 
893. 

Glow  discharge  circuit.  Method  of 
transforming  signals  of  constant  am¬ 
plitude  and  variable  frequency  into 
signals  of  variable  amplitude  compris¬ 
ing  an  electrode  inside  the  tube  and 
one  outside,  these  electrodes  forming 
a  condenser  across  which  signals  are 
impressed.  Fritz  Schroter,  Radio  Pat¬ 
ents  Corp.,  New  York.  No.  2,004,587. 


.Vutomatic  volume  control.  The  follow¬ 
ing  patents  relate  to  the  general  subject 
of  automatic  volume  control.  Re-issue 
19,744  to  H.  A.  Wheeler,  Hazeltine 
Corp;  2,012,421,  E.  T.  Dickey,  RCA; 
2,018,982,  Charles  Travis,  RCA;  2,019,- 
173,  K.  A.  Chittick,  RCA;  2,019,243  and 
2,010,253  to  L.  E.  Barton,  RCA;  and 
2,020,363  to  V.  D,  Landon,  RCA. 

Short  wave  systems.  No.  2,017,126  to 
F.  H.  Kroger  on  an  ultra-short  wave 
relaying  communication  system.  No. 


2,020,310  to  Ross  Gunn,  Chevy  Chase, 
Md.,  on  ultra-high  frequency  generator 
of  the  Barkhausen-Kurz  type. 

Tone  control.  Method  of  suppressing 


background  noises  in  a  radio  receiver. 
J.  Yolles,  RCA.  No.  2,017,270. 

Oscillator.  Short-wave  system  of  the 
long-line  type,  C.  \\\  Hansell,  RCA. 
No.  2,017,093. 

Coupling  system.  A  high  frequency 
system  adapted  to  operate  over  several 
frequency  ranges,  comprising  a  trans¬ 
former  having  at  least  two  secondary 
coils  of  different  inductance  adapted  to 
be  coupled  to  a  load  circuit,  a  switch 
for  removing  one  of  the  coils  from  the 
circuit,  etc.  N.  P.  Case,  Hazeltine 
Corp.  No.  2,018,545. 

Tone  control.  Method  of  operating 
a  tone  control  with  the  sensitivity  con¬ 
trol  of  a  receiver  simultaneously.  H.  K. 
Johnson,  Hazeltine  Corp.  No.  2,018,526, 

Phase  modulation.  A  system  for  re¬ 
ceiving  and  demodulating  oscillations 


modulated  in  phase  and  in  amplitude. 
M.  G.  Crosby,  RCA.  No.  2,019,446. 

Phase  detector,  \  i)hase-rotation  de¬ 
tector  and  frequency  regulator.  George 
Usselman,  RCA.  No.  2,018,820. 


A-c  d-c  system.  Method  for  obtaining 
alternating  potential  of  predetermined 


value  from  a  direct  current  .source  hav¬ 
ing  a  different  potential  value  with  a 
tube  means  of  breaking  up  the  d-c  to 
form  an  alternating  current.  F.  T. 
Brewer,  General  Motors  Corp.  No. 
2,018,483. 


Remote  control.  Method  of  tuning  a 
radio  circuit  by  means  of  a  motor  con¬ 
trolled  by  thyratron  tubes.  G.  L.  Beers, 
RCA.  No.  2,020,275. 


Universal-type  receiver.  A  circuit  of 
the  series  filament  type.  R.  P.  Wuerfel, 


International  Research  Corj).  No.  2,017,- 
085. 

Electron  Tube  Applications 

Processing  apparatus.  Apparatus  for 
testing  and  classifying  condensers, 
means  for  subjecting  the  condensers 
to  a  voltage  breakdown,  tn  insulation 
resistance  and  capacity  test,  and  means 


for  sorting  the  condensers  according  to 
predetermined  limits.  C.  A.  Purdy, 
Western  Electric  Co.  37  claims.  No. 
2,016,455. 
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ACHESON 

COLLOIDS  CORPORATION 


Type  15 
Counicrsunic 


If  you  are  anxious  to  protect  the  performance 
of  your  product  from  the  damaging  action  of 
vibration,  you  should  seriously  consider  using 
Shakeproof  Lock  Washers  under  every  nut  and 
screw.  This  multiple  locking  washer  provides 
a  positive  force  against  any  backw'ard  move¬ 
ment  of  the  nut  which  keeps  each  connection 
absolutely  tight.  Each  Qf  jHi$ 

twisted  tooth  bites  into  ^ 

both  nut  and  work  sur- 
faces  and,  as  vibration  ^ 
increases,  the  teeth  bite  ^ 
in  deeper.  Test  this  mod*  ^ 
ern  lock  washer  on  your  ^ 
ow’n  product  —  see  its  0 
action  w’ith  your  own  ^  *1 

eyes — send  for  free  test- 
ing  samples  today! 


Aquadag*  Brand  colloidal  graphlt*  (in 
water)  is  now  a  standard  coating  on  various 
cathode  ray  tubes.  In  its  use  as  a  ray  focusing 
anode  material,  this  product  has  the  following 
four  advantages: 

1.  It  is  easy  to  apply. 

2.  It  is  economical  to  use. 

3.  It  adheres  equally  well  to  all  types 

of  glass. 

4.  It  reduces  light  reflection  because 

of  the  dark,  matte  surface  formed 
on  the  glass. 

Technical  Bulletin  No.  I91B  giving  detailed 
information  is  available  gratis  on  request. 

'R*9.  U.  S.  Pat.  OK. 


Distributors  of  Shakeproof  Products 
Manufactured  by  Illinois  Tool  Works 

2  5  39  N.  Keeler  Ave.  Chicago,  Ill. 
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Color  comparator.  A  photo-electric 
device  with  liprht  source,  comparison 
material,  etc.  C.  G.  Stone  and  Abraham 
Edelman,  New  York,  N.  Y.  No.  2,020,- 
281. 

Distance  measuring.  An  echo  method 
for  measuring:  distance  or  depths. 
R.  L.  Williams,  Submarine  Sigrnal  Co., 
No.  2,015,702. 

Color  Comparator.  For  comparing: 
color  and  shade  characteristics  of  sev¬ 
eral  specimens,  by  means  of  a  pair  of 
balanced  lig:ht-sensitive  tubes.  C.  E. 
Hays,  Pawtucket,  Rhode  Island,  No. 
2,015,675. 

Photo-electric  system.  Describing 
the  “Petoscope”  (see  Oct.,  1935,  Elec¬ 
tronics)  in  which  photo-sensitive  ele¬ 
ments  are  placed  behind  screens  which 
are  divided  into  transparent  opaque 
portions,  so  that  any  motion  in  front 
of  these  screens  produces  an  unbal¬ 
anced  photo-cell  output.  A.  S.  Fitz 
Gerald,  Wynnewood,  Pa.,  27  claims. 
No.  2,016,036. 

Metals  testing.  A  portable  device  for 
determining  the  characteristics  of  a 
metal  piece  by  comparison  with  a  metal 
piece  of  known  characteristics,  utiliz¬ 
ing  the  cathode  ray  tube.  H.  T.  Hallo- 
well,  Standard  Pressed  Steel  Co.,  Jen- 
kintown,  Pa.  No.  2,010,189. 

Position  control.  A  machine  for  re¬ 
producing  on  a  work  blank  the  contour 
of  a  pattern  surface  for  controlling  the 
energization  by  means  of  reactance 
variations.  34  claims,  D.  J.  Stewart 
and  Howard  C.  Colman,  Rockford,  Ill., 
No.  2,013,676. 

Surge  responsive  device.  Controlling 
the  conductivity  of  a  tube  in  accord¬ 
ance  with  the  rate  of  change  of  a 
quantity,  by  actuating  a  voltage  induc¬ 
ing  means  in  response  to  the  rate  of 
change  of  quantity.  F.  C.  Lindvall, 

G.  E.  Co.  No.  2,009,114. 

Synchronizing  apparatus.  Electron 
tube  method  of  synchronizing  two 
sources  of  alternating  current.  H.  T. 
Seeley,  G.  E.  Co.  No.  2,009,097. 

Phase  indicator.  Indicating  appara¬ 
tus  comprising  a  gas  filled  electric 
discharge  type  to  indicate  small  phase 
differences  of  interconnected  systems. 
D.  D.  Knowles,  WE&M  Co.  No.  2,018,- 
268. 

Picture  transmission.  A  scanning 
system  involving  a  source  of  light,  a 
scanning  disc,  etc.  J.  W.  Dalton,  Lon¬ 
don.  No.  2,005,130. 

Regenerative  system.  Apparatus  for 
photographically  recording  sound  vibra¬ 
tions,  comprising  a  pair  of  cooperat¬ 
ing  shutters  arranged  in  advance  of 
the  light  source,  moving  toward  and 
away  from  each  other.  Bernard 
Kwartin.  No.  2,005,425. 


Oscillating  Circuits 

Dynatron.  No.  2,011,290  to  P.  O. 
Farnham,  and  No.  2,011,291  to  N.  M. 
Rust,  both  to  RC.\. 

Cathode  ray  tube  oscillator.  C.  B. 
Terry,  RCA.  No.  2,011,920. 

Positive  grid  oscillator.  Waldemar 
llberg,  Telefunken.  No.  2,015.523. 

Multi-grid  oscillator.  .A.  crystal  con¬ 
trol  circuit.  J.  K.  Clapj),  General  Radio 
Co.  No.  2,012,497. 

Short  wave  detector.  H.  S.  Polin,  Port 
Washington,  N.  Y.  No.  2,011,299. 

Glow  tube  oscillator.  J.  .1.  Numans, 
RCA.  No.  2,010,881. 

Constant  amplitude  oscillator.  W. 
Kautter,  Siemens  &  Halske.  No. 
2,014.136. 

Electron  coupled  oscillator.  .1.  15. 

Dow,  RCA.  No.  2,008,690. 

Constant  frequency  oscillator.  1.  F. 
Byrnes,  RC.A.  No.  2,007,637. 

Long  line  oscillator.  G.  E.  Pray, 
RCA.  No.  2,009,069. 

High  frequency  oscillator.  Circuit 
in  which  the  anode  has  dimensions 
related  to  the  wavelength  desired,  (i. 
L.  Usselman.  No.  2,009,368.  RCA. 

Generator.  C.  W.  Hansell,  RC.A. 
No.  2,009,369. 

Constant  frequency  oscillator.  15.  L. 
Koch,  Chicago,  Ill.  No.  2,003,371. 

Positive  grid  ultra  high-frequency 
oscillator.  N.  E.  Lindenblad,  RC.A. 
No.  2,011,943. 

Magnetic  field  oscillator.  Werner 
Weihe,  Telefunken.  No.  2,013,773. 

Ultra  short  wave  circuit.  A  receiver. 
R.  W.  George,  RCA.  No.  2,011,942. 

Patent  Suits 

1,403,475  (a),  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,507,016,  L.  de  For¬ 
est;  1,507,017,  .same;  1,702,833,  W.  S. 
Lemmon;  1,811,095,  H.  J.  Round;  Re. 
18,579,  Ballatine  &  Hull;  Re.  18,916, 
J.  G.  Aceves,;  1,618,017,  F.  Lowenstein; 
D.  C.,  N.  D.  Ill.,  E.  Div.,  Doc.  14254, 
Radio  Corp.  of  America  et  al.  v.  Arlab 
Mfg.  Co.  et  al.  Patents  held  valid  and 
infringed;  injunction  granted  April  15, 
1935. 

1,403,475  (b)  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,618,017,  F.  Lowen¬ 
stein;  1,702,833,  W.  S.  Lemmon;  1,811,- 
095,  H.  J.  Round;  Re.  18,579,  Ballatine 
&  Hull;  Re.  18,916,  J.  G.  Aceves,  D.  C., 
N.  D.  Ill.,  E.  Div.,  Doc.  14260,  Radio 
Corp.  of  America  et  al  v.  A.  Bloomfield 


(Standard  Radio  I’rodnctr.  Co.).  Pat-  | 
ents  held  valid  and  infringed;  injunc-  \ 
tion  granted  April  15,  1935.  j 

1,403,475  (c),  H.  D.  Arnold;  1,403,-  I 
932,  R.  H.  Wilson;  1,618,017,  F.  Lowen-  | 
stein;  1,702,833,  W.  S.  Lemmon;  1,811,-  ;  1 

095,  11.  J.  Round,  D.  C.,  N.  D.  Ill.,  E.  j 
Div.,  Doc.  14262,  Radio  Corp.  of  Amcr-  h 
ica  et  al.  v.  I’nirrr.'otl  Radio  Mfg. 
Inc.ctal.  Decree  pro  confesso  holding 
patents  valid  and  infringed;  injunction  j 
granted  .April  15,  1935.  j  i 

1,403,475  (f/)  H.  1).  Arnold;  1,403,- 
932,  R.  H.  Wil.son;  1,618,017,  F.  Low-  i 
enstein;  1,702,833,  W.  S.  Lemmon;  1,- 
811,095,  H.  .1.  Round;  Re.  18,579,  Hal-  [ 
lantine  &  Hull,  D.  C.,  N.  D.  111.,  E.  i 
Div.,  Doc.  14264,  Radio  Corp.  of  Amer¬ 
ica  et  al  v.  I).  Krechman  et  al.  Decree  ■ 
j)ro  confesso  holding  patents  valid  and  | 
infringed;  injunction  granted  .April  15, 
1935. 

1,507,016,  I.,  de  Forest;  1,507,017, 
same,  appeal  filed  Sept.  16,  1935, 

C.C..A.,  Ind.  Cir.,  Doc.  RC.\  r.  F.  ,1, 
.Andrea  et  al. 

1,251,377,  A.  W.  Hull;  1,297,188,  1. 
Langmuir;  1,573,374,  P.  .A.  Chamber- 
lain;  1,707,617,  1,795,214,  E.  W.  Kel¬ 
logg;  1,894,197,  Rice  &  Kellogg;  1,728,- 
879,  same,  D.  C.,  N.  1).  111.,  E.  Div.,  Doc. 
14255,  Radio  ('or/),  of  America  et  al.  v. 
.Arlab  .Mfg.  Co.  et  al.  Default  decree 
holding  patents  valid  and  infringed; 
injunction  granted  -Apr.  25,  1935.  Dm-. 
14261,  Radio  Corp.  of  Anunca  et  al  v. 

.1.  Bloomfield  (Standard  Radio  Prod- 
acts  Co.)  Decree  pro  confesso  holding 
patents  valid  and  infringed;  injunction 
granted  .Apr.  15,  1935.  Doc.  14263,  Ra¬ 
dio  ('"orp.  of  America  et  al  v.  I’nirersal 
Radio  Mfg.  Co.,  Inc.,  et  al.  Decree  as 
above.  Doc.  14265,  Radio  Corp.  of 
.America  et  al.  v.  I).  Krechnuin  et  al. 
Decree  as  above. 

1.356.763,  R.  V.  Hartley;  1,403,475. 

H.  D.  Arnold;  1,520,994,  same;  1,403,- 
932,  R.  H.  Wil.son;  1,465,332,  L.  de  For¬ 
est;  1,507,016,  same;  1,507,017,  same; 

I, 936,162,  R.  A.  Heising,  filed  Aug.  8. 
1935,  1),  C.,  S.  1).  Calif.  (Los  Angeles), 
Doc.  E.  742,  Radio  Corj..  of  America 
et  al,  V.  (llobe  Wireless  Ltd.  et  al. 

1,403,475  (a),  H.  I).  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,507,016,  L.  de  For¬ 
est;  1,507,017,  same;  1,618,017,  F.  Low¬ 
enstein;  1,702,833,  W.  S  Lemmon;  1.- 
811,095,  H.  J.  Round;  Re.  18,579,  Bal- 
lantine  &  Hull,  D.  C.,  N.  I).  Calif.  (San 
Francisco),  Doc.  E  3897-L,  Radio  Corp. 
of  America  et  al.  v.  Kahn  Dept.  Stores, 

Inc.  Patents  held  valid  and  infringed 
Aug.  5,  1935. 

1,403,475  (b),  H.  1).  Arnold;  1,403- 
932,  R.  H.  Wilson;  1,507,016,  L.  de 
Fore.st;  1,507,017,  .same;  1,702,833,  W. 

S.  Lemmon;  Re.  18,579,  Ballantine  & 
Hull,  1).  C.,  N.  D.  Calif.  (San  Francis¬ 
co),  Doc.  E  3894-S,  Radio  Corp.  of 
America  et  al.  v.  C.  Silverman.  Patents 
held  valid  and  infringed  Aug.  7,  1935. 

1,403,475  (c),  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,507,016,  L.  d( 
Forest;  1,507,017,  same  1,811,095,  H.  J 
Round;  Re.  18,579,  Ballantine  &  Hull 
D.  C.,  N.  D.  Calif.  (San  Francisco) 

E  3893-L,  Radio  Corp.  of  America  et  at 
V.  Schwabacher-Frey  Co.  Patents  held 
valid  and  infringed  Aug.  7,  1935. 


58 


January  1936  —  FXF-CTRONIC^ 


XHKSK  Ward  Leonard  (Controlled  Rectifiers, 
without  moving  parts,  offer  a  most  economical 
means  of  providing  direct  current  from  alternating 
current  supply.  They  operate  with  little  electrical 
and  no  mechanical  loss.  They  require  no  mainte¬ 
nance.  Here  is  the  device  you  have  been  looking 
for  to  operate  your  IXC  equipment  from  AG  cur¬ 
rent  where  volt¬ 
age  control  is  a 
factor.  Send  for 
particulars. 


WARD  LEONARD 

RELAYS  -  RESISTORS  -  RHEOSTATS 


WARD  LEONARD  ELECTRIC  CO. 

32  South  Street,  Mount  Vernon.  N. 

Please  send  me  your  bulletin  No.  8601. 

Name  . 

Company  . 

Street  . 

I  City  and  State  . 


UNIVERSAL  TUBE  BRIDGE 
For  MeasuremeuH  of 

Amplification  Constant 
Mutual  Conductance 
Plate  Resistance 

Of  Any  Receiving  and  low- 
power  Transmitting  Tube 


SF.Sl)  FOR  DESCRIPTIl'F  HL'Ll.ETIS 
Bulletin  SdlU  describes  the  Ward  Leonard 
Controlled  Rectifier,  gives  efficiencies  and 
other  technical  data.  Send  for  a  copy. 


KLECTRONICS  — Janwarv  1936 


DIRECT  CURRENT 
EQUIPMENT 


CONTROLLED  RECTIFIERS  for  com¬ 
munication,  laboratory  and  similar  uses 
requiring  a  constant  DC  voltage  with 
varying  loads. 


'  I  ''HHSI:  parameters  are  measured  independently 
and  are  selected  by  a  three-position  switch.  Bal¬ 
ance  is  obtained  by  adjusting  a  three-decade  attenuator 
and  a  variable  condenser.  At  balance,  the  quantity 
being  measured  is  read  directly  to  three  significant 
figures.  Both  positive  and  negative  values  of  coeffi¬ 
cients  may  be  measured. 

Appropriate  tube  sockets  for  -I,  S,  6,  and  7  prong 
tubes  are  incorporated  in  the  in.strument.  Sockets  for 
1  additional  tubes  are  provided  in  an  external  adapter, 

I  and  terminals  for  connection  to  any  type  of  tube  are 

,  conveniently  Icxated  on  the  panel. 

A  double-range  a-c  and  d-c  filament  voltmeter  and  an 
a-c  heater  power  supply  are  incorporated  in  the 
instrument. 


^  Type  561-C  Vacuum  Tube  Bridge.  .  .S375.00 

j  W'rite  for  Circular  P-82-E2  for  Detailed  Information 

*  General  Radio  Company 

I  Cambridge  Massachusetts 


British  Patents 


Radio  Circuits 

(J-a-v-c  system.  Method  for  suppres¬ 
sion  of  noise  and  undesired  signals 
when  tuning:  from  one  preselected 
transmission  channel  to  another  by 
disabling  the  receiver  which  is  auto¬ 
matically  restored  to  normal  transmis¬ 
sion  only  when  the  tuning  means  is  set 


to  position  corresponding  to  the  carrier 
frequencies  of  the  desired  channels. 
R.  F.  L.,  Inc.  No.  431,702. 

Improving  selectivity.  A  modulated 
carrier  receiver  includes  two  carrier 
frequency  channels  of  different  selec¬ 
tivity,  one  of  w'hich  operates  to  change 
the  selectivity  of  the  receiver  as  a 
whole  as  a  function  of  the  incoming 
signal  strength.  Marconi  Co.  No. 
431,755. 

Noise  suppression.  Positive  grid  bias 
is  applied  through  an  associated  in¬ 
ductance  to  a  carrier  frequency  tube 
in  a  receiver  provided  with  A.V.C.,  to 
obtain  interchannel  noise  suppression. 
C.  R.  L.  Barrett.  No.  432,135. 

Oscillator.  A  tube  oscillator  has  its 
frequency  maintained  constant  by  the 
use  of  a  tube  Ivpving  a  high  filament 
emission,  which  is  reduced  to  the  cur¬ 
rent  required  for  the  production  of 
oscillations  by  provision  of  a  grid 
adjacent  to  the  cathode  and  held  at  a 
negative  fixed  voltage.  P.  D.  Tyers, 
Herts,  England.  No.  432,426. 

Distortion  prevention.  A  low  fre¬ 
quency  amplifier,  particularly  of  the 
mains-driven  type,  where  the  resistance 
of  the  input  circuit  causes  a  shift 
in  grid-bias  potential  when  grid  cur¬ 
rent  fiows,  the  grid  potentiometer  is 
shunted  by  a  neon  lamp  or  auxiliary 
tube  designed  to  maintain  the  biassing- 
potential  constant.  J.  J.  Numans,  The 
Hague,  Holland.  No.  432,618. 

High  frequency  detector.  Method  of 
increasing  the  efficiency  of  a  tube 
detector  for  short-wavelength  detec¬ 
tion,  below  10  meters  particularly,  by 
means  of  a  grid-leak  or  choke  of  the 
order  of  10*  ohms  in  connection  with 
a  positive  bias  of  5  volts.  The  object  is 
to  increase  the  speed  of  the  electron 
stream  inside  the  tube.  M.  von  Ardenne. 
No.  432,728. 


Iron  core  circuits.  To  facilitate  the 
ganging  of  high-frequency  circuits 
comprising  inductances  with  ferro¬ 
magnetic  cores,  the  polarizing  effect 
of  the  d-c  component  of  the  tube  anode 
current  is  eliminated  by  superimposing 
the  effect  of  an  equal  current  of  op¬ 
posite  sense  so  that  the  polarization  of 
the  core  is  zero.  One  method  is  t<» 
use  high  frequency  stages  in  push-pull. 
Another  is  to  provide  the  high  fre¬ 
quency  transformers  with  a  third  wind¬ 
ing  fed  with  current  from  some  part 
of  the  high-tension  supply  circuit. 
Marconi  Co.,  No.  427,114. 

A.v.c.  system.  The  signal  is  rectified 
and  the  d-c  component  of  the  voltage 
produced  is  amplified  and  applied  to 
effect  the  gain  control  through  a  sec¬ 
ond  rectifier,  the  first  rectifier  being 
also  the  signal  demodulator  and  biased 
to  effect  inter-channel  noise  suppres¬ 
sion,  while  the  second  rectifier  is 
biased  to  delay  the  application  of  the 
control  potential  until  the  signal 
reaches  a  predetermined  amplitude. 
L.  E.  Barton,  Marconi  Co.,  No.  427,62'.». 
See  also  No.  427,650  to  C.  Travis, 
Marconi  Co, 

High  frequency  circuit.  Method  of 
supplying  voltages  for  the  grid  and 
plate  of  an  ultra-short-wave  oscillator 
or  detector  of  the  vibrating  electron 
type  which  are  derived  from  a  poten¬ 
tiometer  across  the  supply  source  in 
such  a  manner  that  variations  in  sup- 


20 


ply  voltage  do  not  affect  the  frequency 
of  oscillation,  but  affect  the  output 
linearly.  Standard  Telephones.  No. 
432,781. 

Position  determination.  The  position 
of  a  moving  craft  is  determined  rela¬ 
tively  to  one  or  more  fixed  radio 
beacons  by  measuring  the  apparent 
change  in  the  frequency  of  the  received 
wave,  due  to  the  Doppler  effect,  on  a 
cathode-ray-tube  indicator  mounted  on 
the  craft.  Explorotor,  Switzerland. 
No.  432,790. 

A.V.C.  circuit.  In  a  receiver  in  which 
a  carrier  frequency  tube  feeds  a  de¬ 
modulator  which  is  rendered  inoper¬ 
ative  for  signals  of  below  a  predeter¬ 
mined  amplitude  by  a  potential  derived 
from  a  subsequent  low  frequency  am¬ 
plifier  whose  impedance  is  dependent 


»*n  a  signal-supplied  muting  diode, 
voltage  for  A.V.C.  is  derived  from  the 
cathode  circuit  of  said  carrier  fre¬ 
quency  tube.  E.  K.  Cole.  No.  433,164. 

Remote  tuning.  The  tuning  capacity 
is  reflected  into  a  transmission  line. 
Majestic  Electric  Co.,  No.  425,594. 

.Automatic  tuning.  A  motor  driving 
scheme  with  automatic  means  t«)  stop 
or  di.sconnect  the  motor  on  reception 
of  a  carrier  exceeding  a  predetermined 
strength.  L.  H.  Brown,  London,  No. 
425,626. 

Short-wave  oscillator.  .A  magnetron 
with  its  oscillatory  circuit  coupled  to 
the  receiving  aerial,  with  an  auxiliary 
self-modulating  circuit  whereby  the 
oscillator  may  be  employed  for  modu¬ 
lated  transmission  or  for  sui)er-regen- 
erative  reception.  Compagnie  Cenerale 
de  Telegraphie  .'^ans  Kil.  N(*.  433,427. 

Directive  signalling.  The  field  char¬ 
acteristic  of  a  fixed  aerial  system  is 
automatically  modified  or  conditioned 
so  as  to  maintain  the  principal  lobe 
always  directed  uptm  a  given  station 
in  spite  of  permanent  or  periodic 
changes  in  the  direction  of  the  signal 
wave-front.  The  desired  result  is 
secured  by  electrically  or  mechanically 
maintaining  a  predetermined  relation 
between  the  phases  of  the  aerial  volt¬ 
ages  before  they  are  fed  to  the  receiver. 
Standard  Telephones.  No.  433,843. 

Oscillator  circuit.  Preventing  load 
variations  from  affecting  the  frequency 
of  a  tube  oscillator  feeding  an  amplifier 
in  which  a  magnetic  coupling  is  u.sed 
in  the  oscillator  and  capacity  coupling 
for  coupling  the  oscillator  to  the  am¬ 
plifier.  Lorenz.  No.  433,924. 

I'ltra  short  wave  circuit.  The  carrier- 
wave  from  a  Barkhausen-Kurz  gener¬ 
ator  is  modulated  at  constant  frequency 
by  a  relaxation-oscillation  circuit,  com¬ 
prising  a  glow-discharge  tube  and  a 
tuned  circuit  in  series  with  a  con¬ 
denser.  Telef unken.  No.  434,326.  See 
also  No.  434,638  to  Pintsch  .Akt.,  Ger¬ 


many,  on  means  for  increasing  the 
rectifying  efficiency  and  amplification 
factor  of  a  Barkhausen-Kurz  tube. 

A.V.C.  circuit.  Delayed  A.V'.(\  volt¬ 
ages  are  derived  from  the  grid  current 
of  a  detector-amplifier  tube  in  which 
no  grid  current  flows  until  the  applied 
signal  exceeds  a  certain  value.  J.  A. 
Robinson,  Bronx,  N.  Y.  No.  434,299. 
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ytanu/avtureii  Since  /Wi  6v 

WIKKMAN  TKANSl 
172  KniiiK'l  St.  .  . 


Flll4N»tll 

Control 


or  master 


Ani<‘r  Praii 
Voltajir 
Ueiriilator 


ACCURACY 
GUARANTEED 
WITHIN  2% 


^  PRECISION 
WITHOUT 
EXTRAVAGANCE 


MODEL  223  D.C 


0-1  MILLIAMMETER 


Transforiiier 

(loiinniitator 


Dimensions,  body  21"  diam.;  Flange  2,;.";  Body  depth 
1}".  Metal  Case  clamp-on  type. 

Here  is  shown  a  2"  instrument — just  one  of  Triplett’s 
large  line  of  instruments.  Made  in  Bakelite  and  metal 
cases.  D.C.  instrument  is  the  moving  coil  type,  A.C.  is 
an  outstanding  design  movable  iron  repulsion  type.  Ac¬ 
curacy  guaranteed  within  2' . 


'^pilK  \  mer'I'raii  Ntdlage  Krgulator  is 
I  id<’allv  suiti-d  t«»  broadcast  station  rc- 
«|iiircni<‘iits.  It  may  he  used  tt>  permit 
reduction  of  power  witliout  interrupting 
the  pri>gram  and  as  a  feetler  regulatt>r  to 
maintain  llie  lim*  voltage  at  the  desired 
value.  llaiid-Kiperated.  mot<»r-operated.  and 
fullv-autoniatie  types  are  available  in  sizes 
from  (1.25  t»>  2<MI  Kva.  eapa<*ity. 

riie  transformer-<'oniniiitator  regulator 
is  an  exelu^ive  AmerTran  «levelopment.  It 
e(|uals  a  transformer  in  effieieney  and  the 
induetion  regulator  in  smoothness  of  eon- 
tr<)l.  It  has  no  effect  upon  power  factor, 
does  not  distort  the  wave,  and  has  low  exeit- 
ing  current.  Types  can  he  furnished  for  use 
on  single-  or  three-phase  eireuits  ami  for 
I(M)/r  regulation  of  the  seeondary  voltage, 
if  re<|uired. 

Vk  e  weh-ome  the  opportunity  <)f  s<Miding 
information  on  all  types  of  regulators  and 
transformers  used  in  hroadeasting. 


a  complete  line  of  all  sizes  and  styles  electrical  measur¬ 
ing  instruments  for  radio,  electrical  and  general  industrial 
purposes  both  standard  and  custom  built.  See  them  at 
your  jobbers.  If  you  have  an  electrical  instrument  prob¬ 
lem  write  to  TRIPLETT. 


■^VUlpLei/ 

i  ^  P/ucidoK" 

ELECTRICAL  INSTRUMENTS 


TRIPLETT  ELECTRICAL  INSTRUMENT  COMPANY 
231  Harmon  Drive,  Bluffion,  Ohio 


Please  send  me  your  new  1936  Catalogue 


Address 
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Tube  Applications 

Inspection  circuits.  To  detect  the 
presence  of  foreign  bodies  on  the  bot¬ 
toms  of  transparent  vessels,  a  light- 
sensitive  cell  receives  light  passing 
through  the  bottom  of  the  vessel  and 
an  apertured  screen  moving  relatively 
thereto,  the  aperture  being  small  com¬ 
pared  with  the  area  of  the  cell.  N.  P. 
Stoate.  No.  425,602. 

Telemetering  system.  Signalling  im¬ 
pulses  are  produced  by  a  photocell. 
The  tube  is  enclosed  in  a  casing  having 
a  slot  of  less  width  than  that  of  the 
slots  of  the  interrupting  disc  so  that 
square  -  fronted  light  impulses  are 
transmitted  to  the  tube.  G.E.  Co.  No. 
426,144. 

Interval  timer.  Current  impulses  of 
accurately  timed  short  periods  are  ob¬ 
tained  in  a  circuit  by  employing  one  or 
more  grid-controlled  rectifier  tubes 
energized  from  an  a-c  source  and  each 
having  a  bias  potential  on  the  grid, 
which  is  removed  to  permit  it  to  con¬ 
duct  for  the  required  periods  by  the 
charging  current  of  a  condenser  flowing 
through  a  resistance  of  predetermined 
value.  British  Thomson-Houston  Co. 
No.  426,201. 

Automatic  voting  machine.  The 
voters  are  provided  with  keys  or  other 
selectable  means  which  determine  the 
amount  of  electric  energy  supplied  to 
a  meter  furnished  with  means  for  ad¬ 
justing  the  scale  to  bring  the  reading 
equivalent  to  all  voters  registering 
their  votes  to  100.  Consequently  when 
the  question  is  put  and  those  in  favor 
vote,  the  instrument  will  give  the 
result  as  a  percentage.  Projectors  di¬ 
rect  energy  at  the  audience,  the  indi¬ 
viduals  of  which  are  provided  with 
hand  reflectors  by  means  of  which  they 
may  influence  « light-sensitive  cells, 
thermocouples,  etc.,  mounted  at  the 
foci  of  the  parabolic  mirror  and  con¬ 
nected  by  wire  with  an  amplifier  and 
with  a  meter  disposed  in  a  projector 
to  throw  the  results  upon  a  screen.  If 
infra-red  rays  are  used,  the  individuals 
are  provided  with  discs  black  on  one 
side  and  covered  with  gold  or  bronze 
on  the  other.  N.  M.  Hopkins,  111  E. 
10th  St.,  New  York,  N.  Y.  No.  427,400. 

Motion  detector.  A  gaseous  discharge 
tube  has  a  voltage  on  the  grid  induced 
on  it  by  an  electrostatic  field  which 
suppresses  the  discharge.  The  resist¬ 
ance  leak  is  connected  between  the  grid 
and  the  main  electrode,  preferably  the 
cathode.  On  the  approach  of  an  object 
to  be  detected,  the  field  is  distorted  and 
the  discharge  is  initiated.  H.  J.  Span¬ 
ner,  New  York,  N.  Y.  No.  427,785. 

Directive  signalling.  In  a  device  for 
automatically  steering  an  airplane  or 
other  craft  in  such  a  way  as  to  offset 
the  effective  wind  drift  and  follow  the 
shortest  path  to  a  radio  beacon,  a  non¬ 


linear  resistance  is  used  to  produce  a 
current  indicative  of  the  position  of 
the  directive  frame  aerial.  British 
Thomson-Houston  Co.  No.  428,212. 

Exposure  meter.  Method  of  varying 
the  amount  of  light  admitted  to  a  light- 
sensitive  cell  forming  part  of  a  photo¬ 
graphic  exposure  meter.  O.  Riszdorfer, 
Budapest.  No.  428,776. 

Altimeter.  An  airplane  approaching 
a  landing  field  along  a  radio  guide  line 
is  given  an  indication  of  its  height  and 
distance  by  two  vertical  beams  of 
different  wavelengths,  or  differently 
modulated,  which  affect  glow  lamps  in 
the  plate  circuit  of  a  radio  receiver 
carried  on  the  plane.  Telefunken. 
No.  429,001. 

Vehicle  lighting  system.  Parking 
lights  are  switched  on  automatically 
when  daylight  illumination  falls  below 
a  certain  value  by  a  photocell  of  the 
current  generating  type  operating  a 
switch  associated  with  a  relay.  Weston 
Electrical  Instrument  Corp.  No.  4.‘?0.864. 


Ratlio  Circuits 

High-frequency  transmission.  Signals 
are  transmitted,  preferably  on  micro- 
waves,  by  using  a  body  of  ionized  gas 
situated  in  a  magnetic  field  to  vary  the 
plane  of  polarization  of  the  emitted 
wave.  I.  Wolff  and  E.  (I.  Linder, 
Marconi  Co.  No.  433,842. 

Automatic  tuning  system.  A  re¬ 
ceiver  in  which  the  tuning  is  effected 
automatically  by  the  incoming  signal. 
Tuning  control  is  rendered  inoperative 
when  the  receiver  is  tuned  to  a  broad¬ 
cast  carrier  wave,  whether  modulated 
.or  not,  and  remains  inoperative  until 
the  control  is  initiated  by  an  operator. 
A.  W.  Stapleton.  No.  433,298. 

Wide-band  amplifier.  Use  of  dis¬ 
charge  tubes  having  a  magnetic  field 
parallel  with  the  cathode,  the  output 
electrode  of  one  stage  being  directly 
connected  to  the  input  of  the  stage  suc¬ 
ceeding.  C.  W.  Hansell.  No.  433,346. 

High-frequency  transmission  line. 
This  patent  relates  to  low-loss  couplings 
between  transmission  lines  carrying 
ultra  high-frequency  currents.  They 
are  of  two  types,  the  closed  line  com¬ 
prising  two  concentric  conductors  and 
an  open  line  comprising  two  strip  or 
wire  conductors,  the  juncture  being 
surrounded  by  a  cylindrical  screen  to 
prevent  local  radiation.  No.  433,681. 

Interstage  circuit.  Circuit  for  mut¬ 
ing  grid  for  interchannel  noise  sup¬ 
pression,  fading  an  amplifier  from  one 
audio  frequency  source  to  another,  or 
for  automatic  tone  control  to  reduce  the 
amplification  of  the  higher  audio  fre¬ 
quency  when  receiving  weak  signals. 
C.  Travis,  Marconi  Co.  No.  433,837. 


Television 

Cath(»de  ray  transmitter.  The  in¬ 
tensity  of  the  cathode  ray  is  varied  to 
yield  carrier  frequency,  synchronizing 
signals,  and  control  of  the  average 
brightness  of  the  picture.  Marconi  Co. 
No.  426,672. 

Scanning  system.  When  the  two  sets 
of  electric  oscillations  applied  for  de¬ 
flecting  the  cathode  ray  in  directions 
at  right  angles  are  each  of  constant 
amplitude,  the  ray  scans  a  keystone¬ 
shaped  area  in  a  plane  perpendicular 
to  an  axis  defining  the  mean  direction 
of  the  ray  and  so  a  rectangular  area 
on  a  screen  inclined  to  this  axis,  with 
the  object  of  avoiding  distortion  of  the 
picture  due  to  the  inclination  of  the 
screen.  A.  W.  Vance,  Marconi  Co. 
No.  427,113. 

Patent  Suits 

1,271,529,  M.  C.  Hopkins,  Acoustic 
device,  1).  C.  Pa.  (Philadelphia),  Doc. 
5751,  Lektophone  Corp.  v.  Searx,  Roe¬ 
buck  <£•  Co.  Dismissed  Sept.  20.  1935. 

1,769,851,  1.  Nachumsohn,  Radio  ap¬ 
paratus,  1).  C.,  N.  1).  111.,  E.  Div.,  Doc. 
14078,  1.  Nachumsohn  v.  The  Crosley 
Di.xtributiuff  Corp.  Dismissed  without 
prejudice  June  17,  1935. 

1,756,000,  J.  M.  Miller,  Piezo-electric 
oscillation  generator,  C.  C.  A.,  .3d  Cir., 
Doc.  5581,  J.  M.  Miller  v.  National 
li roadcasting  Co.  Decree  aflirmed  Sept. 
25.  193.5. 

1,789,949,  A.  Georgiev,  Electrolvtic 
cell.  1).  C..  S.  1).  N.  Y.,  Doc.  E  .59  i74, 
.\erorox  Wireless  Corp.  v.  .Mayo  Labo¬ 
ratories,  Inc.  Dismissed  for  lack  of 
prosecution  (notice  Oct.  8,  1935). 

1,297,188,  I.  Langmuir,  System  for 
amplifving  variable  currents,  filed  Oct. 
17,  1935,  1).  C.,  E.  1).  N.  Y.,  Doc.  E  7780. 
(Jeneral  Klectric  Co.  v.  A.  Levine  et  al. 

1,405,523,  M.  C.  Latour,  ,\udion  or 
lamp  relay  or  amplifving  apparatus. 
1).  C.,  S.  D.  N.  Y.,  Doc.  E  72  .386. 
Latour  Corp.  v.  L.  Lang  (lutng  Radio 
Co.).  Consent  order  of  discontinuance 
without  prejudice  (notice  Oct.  28, 
1935). 

A(ljii<li(‘ut(Ml  Patents 

(C.  C.  A.  N.  Y.)  Hazeltine  patent. 
No.  1,648,808,  for  wave  signaling  sys¬ 
tem,  claim  19  Held  invalid.  Hazeltine 
Corporation  v.  Sears,  Roebuck  Co., 
79  F  (2d)  238. 

(C.  C.  A.  N.  Y.)  Hazeltine  patent. 
No.  1,755,114,  for  unicontrol  signaling 
system,  claims  12,  14,  16,  17,  19,  23, 
and  24  Held  invalid,  but  in  any  event 
were  not  infringed.  Id. 

(C.  C.  A.  N.  Y.)  Hazeltine  patent. 
No.  1,755,115,  for  variable  condenser, 
claims  1,  2,  3,  8,  and  9  Held  invalid,  but 
in  any  event  were  not  infringed.  Id. 

(C.  C.  A.  N.  Y.)  Wheeler  patent. 
No.  1,879,863,  for  volume  control, 
claims  1,  5,  6,  and  10  Held  invalid. 
Hazeltine  Corporation  v.  Abrams,  79 
F.(2d)  329. 
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